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THE  PHYIX)GENETIC  RELATIONS  OF  THE  LYMPHA- 
TIC AND  BLOOD  VASCULAR  SYSTEMS  IN  VERTE- 
BRATES 

GEO.  S.  HUNTINGTON 
From  the  Anatomical  Laboratory  of  Columbia  University 

At  a  time  when  the  ontogenesis  of  the  vertebrate,  and  especi- 
ally of  the  mammalian,  lymphatic  system  has  called  forth  general 
interest  and  considerable  activity  in  research,  it  seems  advisable 
to  regard  the  mutual  relations  of  the  haemal  and  lymphatic 
divisions  of  the  vertebrate  vascular  system  from  the  standpoint 
of  their  phylogeny,  in  as  far  as  material  for  such  observations 
is  to  date  available,  and  in  turn  to  fit  the  facts  ascertained  by  the 
study  of  manmialian  lymphatic  ontogenesis  into  the  frame- 
work obtained  by  these  generalized  comparisons. 

This  appears  all  the  more  advisable  when  we  consider  that  any 
valid  theory  of  lymphatic  development  must,  on  the  one  hand, 
agree  in  its  postulates  with  the  phylogenetic  facts,  as  far  as  they 
are  definitely  established,  and  that,  on  the  other  hand,  a  review 
of  the  ascertained  comparative  conditions  of  the  two  systems  in 
their  mutual  bearing  on  the  general  question  will  serve  to  direct 
attention  to  the  problems  of  vascular  morphology  as  yet  imper- 
fectly known,  and  thus  guide  the  inquiries  in  the  right  direction. 

In  the  earliest  zoological  conditions  in  multicellular  organisms 
a  simple  circulation  suflSces  to  supply  all  the  metabolic  demands 
of  the  tissues.  Such  a  circulation  is  attained  when  a  sjrstem  of 
intercellular  canals  develops  in  which  a  clear  plasmatic  fluid, 
without  free  cellular  elements  moves  in  response  to  the  pulsa- 
tions of  contractile  areas  included  within  the  system. 

In  generd  terms  a  circulation  of  this  kind  is,  from  the  phylo- 
genetic standpoint,  a  primary  formation  and  represents  the  primi- 
tive lymphatic  type  of  vascular  organization,  from  which  in 
higher  forms  the  haemal  system  develops  as  a  secondary  vascular 
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acquisition.  In  the  physiological  sense  this  establishment  of  a 
haemal  circulation,  as  a  graft  on  the  earlier  circulation  of  non- 
cellular  plasma,  is  to  be  interpreted  as  the  expression  of  the 
increased  rate  of  tissue  combustion  and  the  resulting  growing 
demands  of  the  organism  for  oxygen,  required  in  the  ascent  to 
higher  animal  types.  The  biochemical  agent  which  makes  this 
elevation  from  the  lower  to  the  next  higher  rung  of  the  zoological 
ladder  possible,  is  the  haemoglobin,  and  the  morphological 
expression  of  its  employment  is  found  in  the  genesis  of  the  modi- 
fied mesodermal  cell  entering  the  circulation  as  the  free  red  blood 
cell. 

The  first  circulation  of  this  type  contains  in  the  plasma-stream 
cells  which  enable  the  organism  to  establish  a  very  simple  type 
of  respiration.  Such  a  condition  in  its  earliest  inception  is 
represented  by  the  circulatory  apparatus  of  Amphioxus.  With 
the  elevation  to  more  advanced  vertebrate  organization  this 
mixed  lymphatico-haemal  type  of  circulation  no  longer  suffices  for 
the  growing  respiratory  requirements,  and,  in  response  to  the 
resulting  functional  demand,  a  separation  of  the  original  single 
circulatory  system  into  two  divisions  begins  to  develop.  One  of 
these  divisions  continues  on  the  hereditary  lines  as  the  rudiment 
of  the  future  lymphatic  system  in  the  narrower  sense,  with  cell 
free' plasma,  while  the  other,  arising  primarily  in  response  to 
the  ever  increasing  demand  of  the  tissues  for  oxygen,  differentiates 
as  the  anlage  of  a  haemal  circulation  with  the  haemoglobin  cell  as 
its  distinctive  biochemical  and  morphological  character. 

In  this  process  the  bloodvascular  system  has  gradually  and 
continuously  assumed  more  and  more  complex  relations  to  the 
organism  and  has  taken  on  successively  higher  and  higher  bio- 
chemical activities  in  addition  to  the  original  function  of  serving 
in  the  respiratory  exchange,  until  it  has  morphologically  and 
physiologically  become  the  predominant  vascular  structure. 
The  separation  from  the  lymphatic  channels  has  in  consequence 
become  more  and  more  pronounced,  until  it  has  progressed  in 
mammals  to  the  point  where,  as  the  final  outcome  of  the  process, 
two  distinct  sets  of  vessels  are  established  side  by  side.  The 
component  channels  of  one  set,  further  specialized  as  arteries, 
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veins,  blood  capillaries  and  heart,  are  closely  associated  and  mutu- 
aUy  interdependent,  and  give  structural  expression  to  the  impor- 
tance attained  in  the  course  of  phylogenetic  evolution  by  the 
haemal  vascular  system.  The  second  set,  that  of  the  lymphatic 
channels,  is  in  its  main  extent  independent  of  the  first,  simpler 
and  more  primitive  in  its  organization,  and  more  restricted  in 
function,  closely  interlocked  with  the  venous  division  of  the  blood- 
vascular  sjrstem  which  it  in  certain  functional  respects  supple- 
ments. 

This  division  must  of  course  have  occurred  gradually,  and 
rather  by  multiplication  of  channels  than  by  septal  division  of  a 
single  preexisting  system  into  two  components.  Naturally  this 
process  should  offer  in  the  phylogenetic  series  many  stages  in 
which  the  division  is  still  incomplete,  and  hence  the  gradual 
solution  of  peripheral  organic  continuity  between  hsemal  and  lym- 
phatic vascular  organization,  in  proceeding  from  the  lower  to  the 
higher  types,  is,  even  with  our  present  scanty  knowledge,  quite 
evident  in  the  vertebrate  series.  No  recent  contributions  to 
comparative  vatecular  anatomy  have  done  more  to  clear  this 
question  and  to  advance  our  correct  perspective  than  the  inves- 
tigations of  Favaro^  on  vascular  organization  in  fishes. 

The  Italian  anatomist  has  described  a  very  close  and  intimate 
relationship  in  teleosts  between  lymphatic  and  venous  organiza- 
tion. In  several  forms  the  same  vessels  appear  to  function  at 
certain  periods  as  lymphatic  channels,  while  at  others  they  are 
physiologically  venous  in  character.  Hand  in  hand  with  this 
interchangeable  functional  relationship  goes  a  marked  complexity 
of  the  lymphatic  and  venous  ''hearts.'' 

The  investigations  of  Allen^  have  led  to  similar  results. 

In  ascending  the  zoological  scale  we  encounter,  together  with 
the  increasing  independence  of  haemal  and  lymphatic  vascular 

*  Favaro,  Guiseppe,  1905:  II  cuore  ed  i  seni  caudali  dei  Teleostei  Ahi  R,  1. 
Veneto  di  sc.  lettr  et  arti,  1905-06,  tome  65-  Part  II.  Append,  alia  Dispensa,  bet. 
1906,  Venejin  1906-  Anat.  Ana.  Bd.  27,  p.  879-880.  Archivio  di  Fisiologia,  Bd. 
2,  l-asc.  5. 

^  Allen,  W.  F.:  Distribution  of  the  Subcutaneous  Vessels  in  the  Head  Region  of 
the  Ganoids,  Polydon  and  Lepisosteus.  Washington  Acad.  Sc.  Proc.,  vol.  ix, 
pp.  79-188,  1907.  Distribution  of  the  Subcutaneous  Vessels  in  the  Tail  Region  of 
Lepisosteus.     Am.  Jour.  Anatomy,  vol.  viii,  pp.  50-89,  1908. 
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organization,  a  progressive  and  phylogenetically  most  significant 
reduction  in  the  number,  complexity  and  histiological  differentia- 
tion of  the  lymph  hearts.  Favaro's  demonstration  of  the  primi- 
tive relationship  between  the  teleostean  lymphatic  and  venous 
system  now  completes  the  chain  between  the  conditions  presented 
by  Amphioxus  and  those  encountered  next  above  the  fishes  in  the 
urodele  amphibians.  This  ascent  is  marked  by  a  more  definite 
separation  of  venous  and  lymphatic  pathways,  although  the  still 
large  number  (14-20)  of  the  iu*odele  veno-lymphatic  hearts 
recalls  the  former  more  intimate  association  of  the  two  systems. 

A  reduction  of  the  lymph  hearts  to  two  pairs,  an  anterior  and 
a  posterior,  is  next  encountered  in  the  aniu*e  amphibians.  In 
the  reptiles  only  a  single  (posterior)  pair  of  these  organs  is  carried 
into  the  adult  organization.  The  anterior  lymph  heart  appears, 
however,  during  the  ontogenesis  in  a  rudimentary  form,  as  deter- 
mined by  recent  examinations  of  the  7.5  nun.  and  9  mm.  embryo 
of  Scleroporus  undulatus. 

In  birds  the  posterior  lymph  heart  is  retained  throughout 
life  in  some  forms.  In  others,  as  shown  by  Sala,'  it  develops  in 
the  embryo,  but  disappears  soon  after  the  assumption  of  free  life. 
While  the  subject  is  still  under  investigation,  there  is  reason  to 
believe  that  the  presence  of  a  rudimentary  anterior  lymph  heart 
in  birds  during  the  ontogenesis  can  be  demonstrated,  and  that 
this  structure  effects  the  final  lymphatico-venous  connection. 

In  mammals,  finaUy,  a  reduced  single  pair  of  anterior  organs, 
the  jugular  lymph  sacs,  alone  persists,  as  far  as  we  at  present 
know,  as  the  sole  remnants  of  the  extensive  antecedent  series 
of  lymphatico-venous  connections  and  serves  as  the  bond  between 
the  otherwise  completely  separated  venous  and  l3anphatic  systems. 

Thus  the  more  prominent  and  highly  specialized  the  hsemal 
vascular  system  appears  as  compared  with  the  lymphatic,  the 
higher  in  general  is  the  animal  organization  possessing  this  type. 
Conversely,  in  descending  the  zoological  series,  the  individuality 
and  independence  of  the  two  systems  diminishes  steadily  until 
they  finally  merge  into  the  single  conmion  archaeal  anlage. 

'Sala,  L.:  SuUo  sviluppo  dei  cuori  linfatici  e  dei  dotti  torarcici  nell'  embrione  di 
poUo.     Roma,  1900. 
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As  previously  stated*  the  lymph  hearts  represent  in  this  evolu- 
tionary process,  on  the  one  hand,  the  line  along  which  the  gradu- 
ally acquired  organic  separation  of  the  blood-vascular  and  lym- 
phatic systems  proceeds,  while  on  the  other  hand,  they  play  in 
the  various  phases  of  this  process  of  segmentation  the  important 
role  of  links  between  the  lymphatic  and  the  hsemal  channels, 
which,  in  ascending  the  scale,  are  becoming  progressively  and 
incre^ngly  more  independent  of  each  other. 

For  obvious  physiological  and  mechanical  reasons  this  original 
connection  can  never  be  entirely  interrupted,  but  we  see  in  the 
relative  organization  of  the  lymphatic  and  venous  systems  in 
the  mammalia,  in  comparison  with  the  conditions  formed  in  lower 
vertebrates,  the  highest  degrees  of  this  phylogenetically  acquired 
independence. 

I  have  in  a  previous  publication*  pointed  out  the  fact  that  the 
possibility  exists  in  the  plan  of  manmialian  lymphatic  organiza- 
tion for  the  establishment  of  lymphatico-venous  connections 
at  other  points  in  the  adult  than  those  afforded  by  the  typical 
connections  of  the  anterior  lymph  heart  or  jugular  lymph  sac 
with  the  veins  at  the  common  jugular  and  jugulo^subclavian 
angles.  Such  connections,  if  they  exist  in  certain  forms,  must  be 
interpreted  with  our  present  knowledge  of  mammalian  lymphatic 
organization,  as  retentions  of  other  primitive  lymph  heart  bonds 
between  the  lymphatic  and  venous  system  which,  in  the  greater  num- 
ber of  mammalia,  are  not  developed  and  carried  into  the  tjT)i- 
cal  adult  plan,  but  which  may,  while  atypical  for  the  general 
class,  appear  in  certain  specialized  forms. 

It  is  quite  conceivable  that  development  on  these  lines  would 
lead  to  results  which  would  serve  the  mammalian  physiological 
demands  equally  well,  if  not  better,  than  the  prevalent  type  of 
manunalian  lymphatic  organization.  It  is  possible  that  the 
reported  instances  of  the  termination  of  the  thoracic  duct  in  one 
of  the  azygos  veins  or  its  tributaries  in  the  adult  human  subject 
can  be  interpreted  as  variations  depending  for  their  genesis  on  the 

*  Huntington:    The  Genetic  Interpretation  of  the  Development  of  the  Mammalian 
Lymphatic  System.    Anatomical  R«5ord,  vol.  ii,  nos.  1  and  2,  1908,  pp.  1-44. 
»  Loc.  dt.,  p.  30. 
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atypical  development  and  retention  of  a  lymphatico-venous 
heart  formation  at  points  other  than  the  ones  normally  concerned 
in  the  production  of  the  jugular  lymph  sac.  The  reported  cases 
are,  however,  not  sufficiently  authentic  to  accept  them  at  their 
apparent  face  value,  and  the  available  evidence  is  too  scanty  to 
warrant  the  assumption  that  these  variations,  if  they  exist,  are 
of  a  progressive  character  tending  toward  the  eventual  reduction 
of  the  thoracic  duct  and  the  substitution  for  the  same  of  a  paore 
direct  connection  of  the  abdominal  lymphatic  channels  with  the 
venous  system. 

The  more  our  knowledge  of  comparative  vascular  anatomy 
grows,  the  clearer  the  perception  becomes,  that  in  spite  of  the 
apparent  structural  and  functional  differences  between  venous 
and  lymphatic  organization,  the  two  systems  are  but  parts  of 
an  originally  single  and  united  whole,  and  hence  must  be  pri- 
marily of  equal  and  identical  origin.  The  genetic  unity  of  all 
vascular  structure  is  a  proposition  which  is  constantly  becoming 
more  self-evident.  Even  if  it  were  not  for  the  direct  observa- 
tions to  the  contrary,  this  fact  alone  negatives  the  assumption 
of  the  derivation  of  the  systemic  lymphatics  from  the  veins  as 
secondary  products  of  their  endotheUel  proliferation.  The  line 
of  reasoning  above  outlined,  if  carried  to  its  logical  conclusion, 
stamps  the  entire  complicated  haemal  vascular  apparatus  of  the 
higher  vertebrate  types  as  the  genetic  descendant  of  a  pre- 
existing simple  lymphatic  vascular  system.  In  other  words, 
in  place  of  considering  our  modem  Ijinphatics  as  derivatives  from 
the  veins,  I  believe  that  in  a  correct  valuation  of  the  relative 
position  of  veins  and  lymphatics,  we  are  obliged  to  regard  the 
lymphatic  system  as  the  primary  organization,  from  which 
gradually  in  the  phylogenesis  the  bloodvascular  system  has  been 
derived.  In  spite  of  the  predominance  of  haemal  over  lymphatic 
structure  in  the  higher  forms,  the  latter  should  be  recognized  as 
the  phylogenetically  older  primarj'^  structure. 

The  separation  between  the  two  has  in  the  evolutionary  sense 
become  more  and  more  pronounced,  until  it  has  progressed  in  the 
mammal  to  the  point  where,  even  in  the  ontogenesis,  the  anlages 
of  both  are  laid  down  independently.     But  their  common  genetic 
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basis  is  to  be  found  in  the  vascular  strands  of  the  early  mesoderm. 
It  is  however  not  at  all  improbable  that  the  mammalian  lympha- 
tic system,  as  we  at  present  know  it,  in  the  relatively  few  forms 
that  have  been  carefully  studied,  is  still  in  the  evolutionary  sense 
undergoing  progressive  changes  which  in  their  broader  signifi- 
cance trend  toward  further  reduction  and  simplification  of  the 
lymphatic,  as  compared  with  the  haemal  vascular  organization. 
In  view  of  the  predominant  association  of  the  mammalian  lym- 
phatic channels  with  intestinal  alimentation  and  the  metabolic 
processes  of  digestion,  such  further  evolutionary  modification 
of  lymphatic  organization  from  the  type  now  prevalent  in  mam- 
malia, would  in  aU  probability  be  in  the  direction  of  still  greater 
development  oi  this  physiological  character.  This  might  find 
structiu'al  expression  in  the  higher  development  of  the  intestinal 
lymphatic  complex  and  a  coincident  reduction  of  the  general 
lymphatic  channels  at  present  associated  with  them.  The  mam- 
malian lymphatic  system  would  under  these  conditions  correspond 
mainly  to  the  hepatic-portal  venous  channels  and  would  con- 
vey the  products  of  digestion  directly  to  the  systemic  venous 
current. 

The  organic  principle  of  the  above  described  phylogenetic 
separation  of  a  haemal  from  a  preexisting  single  primitive  lym- 
phatic circulation  repeats  itself  within  the  far  narrower  circle 
of  the  former  in  the  phylogenetic  division  which  leads,  through 
the  Dipnoean  and  Perennibranchiate  lines,  to  the  replace- 
ment of  the  primitive  single  branchial  type  of  respiration  and 
circulation  by  the  double  cycle  of  the  air  breathing  forms.  This 
change  in  environment,  with  its  resulting  enlarged  scope  of  ver- 
tebrate life,  has  led  step  by  step  to  more  highly  organized  struc- 
tural types  within  the  framework  of  the  primitive  haemal  vas- 
cular system,  through  which  stages  the  single-hearted,  cold- 
blooded branchial  form  has  advanced  to  the  double-hearted, 
warm-blooded  pulmonary  type. 

In  its  physiological  significance  this  general  evolutionary  proc- 
ess again  means  primarily  vastly  greater  and  more  rapid  tissue 
metabolism  or  combustion  in  the  broad  sense.  The  structural 
response  to  this  functional  demand  is  strikingly  given  in  the 
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phylogenetic  (and  ontogenetic)  development  of  the  intra-cardiac 
and  intra-aortic  septa.  We  encounter  here  on  a  large  and  unmis- 
takable scale,  and  associated  with  an  evident  biochemical  func- 
tion, the  division  of  part  of  the  originally  simple  and  imifonn 
hsemal  vascular  system  of  cardiac  chambers  and  truncus  arteri- 
osus into  two  bilateral  and  equivalent  elements.  This  change 
is  effected  primarily  not  by  addition  from  wiOwvt  (except  the 
neomorphism  of  the  pulmonary  vein)  of  something  new  but  by  a 
change  and  re^arrangement  of  parts  already  existing  within  the 
framework  of  the  primary  bloodvascular  system.  If,  therefore, 
as  McClure  and  I  have  definitely  proved,*  the  manmialian  jugu- 
lar lymph  sac,  or  cervical  lymph  heart,  is  secondarily  separated 
from  the  manunalian  embryonic  pre-  and  postcardinal  veins,  this 
process  of  division  of  originally  single  hsemal  channels  into  com- 
pletely separate  elements  is  not  genetically  a  new  process,  confined 
to  the  lymphatico-venous  terminal,  but  follows  on  a  smaller 
scale  and  much  more  obscurely,  genetic  lines  already  laid  down  in 
the  division  of  the  primitive  single  heart  tube  into  its  completely 
distinct  dextral  and  sinistral  components. 

The  question  here  involved  is  of  great  and  far  reaching  impor- 
tance in  establishing  the  correct  relative  position  and  value  of 
the  hsemal  and  lymphatic  vascular  systems. 

If  the  metabolic  demand  for  increased  and  more  rapid  supply 
of  oxygen  is  capable  of  calling  into  existence,  within  the  already 
organized  confines  of  the  hsemal  division  of  a  simple  vertebrate 
circulation,  the  structiu*al  changes  leading  to  the  divided  heart 
and  the  lung  in  place  of  the  antecedent  branchial  type  of  cir- 
culation and  respiration,  then  the  same  force  is  evidently  suflS- 
cient  to  derive,  in  far  earlier  phylogenetic  stages,  from  the  primi- 
tive general  non-cellular  circulatory  system,  a  separate  set  of 
channels  conveying  plasma  with  free  haemoglobin  cells  as  the 
circulating  medium,  and  developed  primarily  in  the  service  of  the 
oxygen-carbon  dioxide  exchange  of  the  tissues. 

In  this  way  there  comes  to  be  established  the  phylogenetic 

•  Huntington  and  McClure:  The  Anatomy  and  Development  of  the  Jugular 
Lymph  Sacs  in  the  Domestic  Cat.  Anatomical  Record,  vol.  ii,  nos.  1-2,  1908,  pp. 
1-18. 
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anlage  of  a  secondary  bloodvascular  system,  derived  from  the 
primitive  general  vascular  apparatus  circulating  non-cellular 
plasma.  With  the  appearance  of  the  hsemd  system  the  dis* 
tinction  between  it  and  the  persistent  portion  of  the  primitive 
vascular  organization  as  a  lymphatic  system  develops. 

Thus  the  primitive  simple  hsemal  system,  subsequently  des- 
tined to  xmdergo  imder  the  stimulus  of  phylogenetic  advance,  a 
complete  secondary  division,  was  in  its  own  turn  originally  seg- 
mented from  a  simpler  antecedent  circulation  of  lymphatic  type 
for  the  pmpose  of  satisfying  the  earliest  demand  of  the  tissues  for 
oxygen  by  becoming  the  carrier  of  hsemoglobin  cells,  while  the  per- 
sistent elements  of  the  earUer  system  are  retained  as  lymphatic 
vessels  serving  a  new  physiological  purpose  under  changed  con- 
ditions of  metabolism. 

As  stated  above  the  series  of  lymph  hearts  would  in  this  genesis 
of  the  bloodvascular  system  represent  points  where  the  original 
continuity  of  lymphatic  and  haemal  elements  is  retained,  in  a 
specialized  and  modified  form  for  definite  physiological  purposes. 
The  number  and  distinctive  character  of  these  lymph  hearts 
would  then  naturally  diminish  in  proceeding  seriaUy  from  the 
lowest  to  the  highest  types,  coincident  with  the  serially  developed 
greater  and  greater  independence  of  the  hsemal  and  lymphatic 
divisions  of  a  general  vascular  system. 

This  change  impUes  an  enormous  degree  of  adaptability  and 
structural  response  to  fimctional  demands.  Many  examples 
of  this  extreme  plasticity  of  vascular  organization  are  encountered 
throughout  the  entire  formative  period  of  the  manmiaUan  embryo, 
in  which  the  bloodvascular  system  is  the  predominant  agency 
of  nutrition  as  well  as  respiration.  This  character  appears  not 
only  in  the  crystallization  of  definite  assymetrical  arterial  and 
venous  pathways  from  an  antecedent  symetrical  bilateral  type, 
but  also  in  many  of  the  more  intricate  relations  of  the  bloodvascular 
channels  to  the  temporary  and  the  future  permanent  metabolic 
demands  of  the  tissues.  Thus,  for  instance,  in  the  placentalia 
the  vitelhne  veins  appear  in  the  r6le  of  the  earliest  embryonic 
nutritive  and  respiratory  channels.  They  subsequently,  in  the 
placentd  period,  yield  this  part  to  the  secondarily  involved  um- 
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bilicals.  Their  own  primary  signifiance  is  lost  and  remains  in 
abeyance  throughout  the  whole  of  the  placental  epoch,  to  suddenly 
reassert  itself  when  the  hepatic  portal  channels,  as  the  direct 
descendants  of  the  afferent  vitelline  veins,  assume  with,  the  estab- 
lishment of  intestinal  aUmentation  at  birth,  the  important  share 
in  the  nutritive  processes  of  the  body  which  they  are  henceforth 
to  maintain  throughout  the  life  of  the  individual.  The  anlages 
of  these  vessels  were,  so  to  speak,  side-tracked  for  the  very  con- 
siderable umbilical  or  placental  period  of  embryonic  and  foetal 
existence.  But  they  continued  to  develop  dm^ing  this  entire 
period  of  functional  displacement  and  obscurity,  and  became 
associated  with  the  growing  alimentary  canal,  in  anticipation 
of  the  moment  when,  with  the  first  establishment  of  post-foetal 
conditions,  they  resumed  their  original  significance  and  entered 
into  their  now  definite  and  permanent  function  as  nutrient  affer- 
ent hepatic  vessels. 

In  the  same  way  the  entire  extensive  series  of  structural  changes 
within  the  three  divisions  of  the  bloodvascular  system,  leading 
finally  to  the  establishment  of  the  pulmonary  circulation,  is 
developed  in  anticipation  of  the  sudden  assumption  of  pul- 
monary respiration  at  birth. 

This  law  of  anticipatory  ontogenesis  is  of  very  wide  applica- 
tion and  expresses  especially  the  cardinal  character  of  extreme 
adaptability,  both  to  present  requirements  and  future  needs  of 
the  organism,  in  all  developing  vascular  structure. 

It  is  quite  possible,  that  the  lymphatic  vessels,  which  we  must 
recognize  in  the  broad  phylogenetic  ground  plan  of  vascular  organ- 
ization, as  the  primary  and  earliest  channels,  appear  in  the  com- 
plicated and  highly  specialized  manmiaUan  vascular  system  of 
predominantly  haemal  type,  in  a  subordinate  and  secondary 
position,  owing  to  genetic  influences  of  this  general  character. 

They  are  formed,  during  the  embryonic  period,  just  as  the  por- 
tal and  pulmonary  channels  are  formed,  but  like  these,  they 
develop  in  anticipation  of  assuming  their  functional  activity  only 
with  the  altered  environment  and  changed  nutritive  conditions 
of  the  post-foetal  period. 

In  this  sense  they  appear  as  secondary  structures,  allied  to  the 
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all  important  hsemal  embryonic  channels,  just  as  the  placental 
viteUine  veins,  within  narrower  phylogenetic  limits,  appear  subord- 
inate to  the  new  bloodvascular  conditions  dependent  upon  the 
acquisition  of  the  umbilical  vein  as  the  main  embryonic  nutritive 
and  respiratory  vessel,  in  the  phylogenetic  ascent  from  the  vitel- 
Une  to  the  placental  phase  of  embryonic  development. 

This  brings  us  to  the  question  of  the  comparison  between  the 
ontogenesis  of  the  mammaliam  systemic  lymphatics  and  the 
lymphatic  organization  of  the  lower  vertebrates.  Briefly  stated, 
our  observation  as  to  the  development  of  the  mammalian  lym- 
phatic vessels,  can  be  summed  up  as  follows: 

1.  The  first  anlages  of  the  bloodvascular  channels  and  of 
the  systemic  lymphatic  vessels  in  the  mammalian  embryo  are 
identical.  These  common  anlages  are  formed  by  independent 
intercellular  mesodermal  tissue  spaces,  which,  in  enlarging, 
become  Uned,  in  obedience  to  the  mechanical  pressure  effects  of 
the  clear  fluid  contents  of  the  spaces,  with  endothelium. 

2.  The  spaces  become  confluent  to  form  larger  and  continuous 
channels.  The  bloodvascular  system  differentiates  genetically 
from  the  lymphatic  system  by  the  secondary  inclusion  of  the 
speciaUzed  mesodermal  haemoglobin  cell  of  the  blood  islands 
in  the  clear  non-cellular  stream  of  the  plasma  circulating  during 
the  primary  stage  in  the  hsemal  system  of  channels  in  response 
to  the  cardiac  pulsations. 

The  systemic  lymphatic  channels  continue  on  the  other  hand, 
to  convey  a  clear  fluid  containing  no,  or  only  a  few,  cellular 
elements. 

3.  This  histogenetic  identity,  and  the  fact  that  subsequently 
the  only  criterion  defining  respectively  the  early  embryonic  blood- 
vascular and  lymphatic  channels  is  the  red  blood  ceU  content  of 
the  former,  precludes  definite  differentiation  of  the  two  sets  of 
vessels  prior  to  the  period  at  which  the  haemal  channels  acquire 
their  distinctive  free  cellular  elements. 

4.  Hence  we  must  accept  three  chronological  possibilities  in 
regard  to  the  ontogenetic  period  at  which  these  anlages  begin 
to  appear. : 

a.     The  bloodvascular  and  lymphatic  channels  develop  siniul- 
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taneously  as  capillary  anlages  side  by  side,  and  subsequently 
differentiate  firom  each  other  as  above  detailed. 

b.  The  lymphatic  anlages  are  the  first  to  develop.  Subse- 
quently a  portion  of  the  conunon  system,  or  a  second  generation 
of  equivalent  channels,  differentiates  as  the  hsemal  component  of 
the  vascular  system,  in  contradistinction  to  the  persisting 
primary  lymphatic  system. 

c.  The  bloodvascular  system  is  ontogenetically  the  first  to 
develop  in  the  mammalian  embryo.  The  lymphatic  anlages 
appear  secondarily  as  an  equivalent  system  of  mesodermal 
spaces,  which  subsequently  unite.  The  resulting  channel  system 
does  not  acquire  the  free  circulating  blood  cells  characteristic 
of  the  hfiemal  division,  but  finally  gains  access  to  the  blood  vas- 
cular system  by  union  with  the  jugular  lymph  sacs,  derived  from 
the  veins,  and  is  thus  enabled  to  enter  as  an  integral  component 
into  the  triple  constitution  of  the  general  circulatory  apparatus. 

From  the  phylogenetic  standpoint  the  second  of  the  above 
enumerated  possibilities  is  the  one  which  is  most  consistent  with 
the  haemo-lymphatic  organization  as  seen  in  its  general  evolution 
in  the  vertebrate  series.  At  the  same  time  the  last  of  the  three 
possibilities  appears  from  the  evidence  at  hand  to  represent  most 
acciu'ately  the  conditions  encountered  in  mammalian  embryos. 
The  separation  between  bloodvascular  and  systemic  lymphatic 
organizations  has  here  not  only  progressed  to  a  degree  in  which 
even  the  ontogenetic  anlages  of  the  two  channel  systems  are  laid 
down  independently  of  each  other,  but  has  further  resulted  in 
placing  their  first  appearance  into  different  embryonic  periods. 

From  the  phylogenetic  standpoint  this  must  be  regarded  as  the 
result  of  factors  operative  in  the  speciaUzation  of  the  highest 
vertebrate  types,  and  not  as  the  original  common  condition. 
The  mammalian  ontogenetic  relationship  between  the  haemal  and 
lymphatic  anlages  appears  as  an  expression  of  the  tremendous 
development  which  in  the  evolution  of  the  higher  zoological 
types,  the  bloodvascular  system  has  gained  over  the  primary 
lymphatic  circulation.  This  paramount  influence  of  haemal 
over  lymphatic  vascular  development  has  even  reversed  the 
relative  ontogenetic  period  in  which  the  first  distinct  anlages  of 
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each  system  appear.  The  bloodvascular  organization  has  gained 
the  complete  ascendancy,  the  lymphatic  has  been  relegated  to  a 
secondary  position,  with  highly  curtailed  and  specialized  func- 
tion. Moreover,  as  above  stated,  the  actual  assumption  of  this 
function  has  been  in  the  mammalian  ontogenesis  postponed  to 
the  end  of  the  placental  epoch,  and  the  assumption  of  indi- 
vidual nutrition  with  the  eatabUshment  of  the  definite  postnatal 
conditions. 

Compared  with  the  position  of  the  lymphatic  circulation  in 
the  ancestral  series,  one  is  almost  tempted  to  characterize  its 
development  in  the  placental  embryo  as  the  reversional  appear- 
ance of  a  system,  formerly  of  much  greater  extent  and  importance, 
but  now  to  a  large  extent  replaced  by  more  modem  zoologies^ 
acquisitions,  and  retained  only  in  a  modified  and  reduced  form 
with  greatly  restricted  functional  application. 

At  any  rate,  there  is  no  radical  inconsistency  in  the  observed 
facts,  either  of  the  phylogenetic  or  ontogenetic  history  of  verte- 
brate lymphatic  vessels. 

In  respect  to  their  genesis  in  the  mammalian  embryo,  it  makes 
but  Uttle  difference  as  to  exact  embryonic  period  in  which  they 
make  their  first  appearance  as  definite  lymphatic  anlages. 

Their  development  may  be  synchronous  with  that  of  the  earliest 
haemal  channels,  or  precede  these,  or  finally,  as  seems  to  be 
actually  the  case,  they  may  first  appear  distinctly  after  the  main 
embryonic  bloodvascular  lines  have  been  laid  down. 

Their  ultimate  secondary  union  with  each  other,  and  then  with 
the  venous  system  through  the  intervention  of  the  comphcated 
jugular  lymph  sacs,  and  the  entire  character  of  the  completed 
adult  lymphatic-system  as  a  ^* shadow-picture"  of  the  venous 
organization,  suggests  strongly  that  the  macMnalian  lymphatic 
vessels  have  phylogenetically  acquired  this  secondary  position 
relative  to  the  dominant  haemal  vascular  system. 

This  subordination  of  lymphatic  to  bloodvascular  structures 
manifests  itself  not  only  in  the  morphological  relations  existing 
ontogenetically  and  in  the  adult  between  the  two  systems,  but 
the  same  influence  has  operated  to  retard  the  embryonic  appear- 
ance of  the  first  definite  lymphatic  anlagen  to  a  period  in  which  the 
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blood-vascular  organization  has  already  assumed  clear  cut  and 
definite  character. 

We  thus  reach  the  end-link  in  the  long  chain  of  successive 
diflferentiations  which  lead  through  the  vertebrate  series  to  the 
final  stage  in  which  the  greatest  attainable  degree  of  independence 
between  lymphatic  and  haemal  vascular  structiu*e  has  been 
reached,  and  in  which  the  primitive  relative  value  to  the  organism 
of  the  two  systems  has  been  reversed,  in  obedience  to  the  law 
which  has  stamped  the  bloodvascular  system  as  the  main  organic 
line  of  evolutionary  progress. 
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WILLIAM  SNOW  MILLER 
Fmm  the  Anatomical  Laboratory  of  the  University  of  Wisconsin 

For  several  years  I  have  not  given  the  course  in  mammalian 
anatomy  which  forms  part  of  the  work  introductory  to  the  study 
of  human  anatomy,  at  the  University  of  Wisconsin,  louring  the 
summer  session  of  the  present  year  (1909)  it  fell  again  to  my  lot 
to  give  this  course,  and  one  of  the  animals  used  presented  a  varia- 
tion not  unusual  in  our  laboratory,  a  pancreatic  bladder. 

In  two  earher  communications  I  have  called  attention  to  the 
occurrence  in  the  domestic  cat  of  a  pancreatic  bladder  which 
bears  a  similar  relation  to  the  pancreatic  ducts  that  the  gall 
bladder  does  to  the  bile  ducts. 

With  the  description  of  the  present  case  there  are  now  on 
record  seven  cases  in  which  this  peculiarity  was  present  and  of 
the  seven  cases,  five  have  been  found  in  the  anatomical  labora- 
tory of  the  University  of  Wisconsin.  The  first  case  was  described 
by  Mayer  in  1815,  a  second  by  Gage  in  1879,  three  cases  by  my- 
self in  1904  and  a  fourth  case  in  1905. 

That  five  of  the  seven  cases  should  be  found  in  a  small  commu- 
nity seems  to  indicate,  either  that  there  exists  locally  a  special 
breed  of  cats,  or  that  there  has  been  a  lack  of  careful  observa- 
tion on  the  part  of  those  instructors  whose  courses  include  the 
dissection  of  the  cat. 

It  is  not  improbable,  however,  that  some  cases  of  a  pancreatic 
bladder  have  been  overlooked,  having  been  mistaken  for  cases 
in  which  a  double  gall  bladder  was  present. 

It  is  my  custom  when  students  take  up  the  study  of  the  viscera 
of  the  cat,  to  inject  with  a  different  colored  starch  mass  the  bile 
ducts  and  the  pancreatic  ducts.  This  is  easily  done  by  making 
an  opening  in  the  duodenum  25  to  30  mm.  in  length  opposite  the 
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entrance  of  the  ductus  choledochus,  thus  exposing  the  oval  open- 
ing leading  into  the  ampulla  of  Vater.  With  but  little  diflSculty 
a  cannula  can  be  inserted  and  tied  in  the  ductus  choledochus 
and  the  injection  of  the  bile  ducts  and  gall  bladder  completed. 
It  often  requires  some  skill  and  patience  to  introduce  a  second 
cannula  by  the  side  of  the  first  into  the  ductus  pancreaticus;  but 
the  technique  once  acquired,  rarely  does  anj'^  diflSculty  present 
itself. 

By  this  simple  procedure  the  student  is  able  to  follow  the  gross 
distribution  of  the  bile  and  pancreatic  ducts  and,  as  I  usually 
inject  the  arterial  system,  the  systemic  veins  and  the  portal 
system  witli  still  diflferent  colored  masses,  the  relation  which  these 
ducts  bear  to  the  blood  vascular  system  is  easily  made  out. 

The  case  I  now  record  was  found  in  a  young  male  cat  obtained 
from  a  part  of  the  city  far  removed  from  that  of  the  preceding 
cases;  therefore  it  seems  quite  improbable  that  this  cat  was  in 
any  way  related  to  the  others. 

The  type  is  that  of  the  second  and  third  cases  that  I  have  des- 
scribed,  namely,  a  duct  leading  from  the  duodorsal  division  of  the 
ductus  pancreaticus  and  terminating  in  a  well-defined  bladder 
situated  a  httle  to  one  side  of  and  dorsal  to  the  gall  bladder, 
which  occupies  its  usual  position  in  the  right  median  lobe  of  the 
liver.  It  dififers  from  the  other  cases  in  that  there  is  a  triangular 
flap  of  pancreatic  tissue  surrounding  the  entrance  of  this  duct 
into  the  duodorsal  division  of  the  ductus  pancreaticus.  Because 
of  this  peculiarity  the  present  case  occupies  a  position  between 
the  second  case  described  by  Heuer  (see  below)  and  the  cases 
previously  described  by  myself.  The  relations  of  the  various 
parts  are  shown  in  fig.  1. 

The  question  as  to  the  origin  of  these  pancreatic  bladders 
at  once  presents  itself,  and  in  this  connection  it  is  interesting  to 
note  two  variations  of  the  pancreas  found  by  Heuer  while  study- 
ing the  arrangement  of  the  pancreatic  ducts  of  the  cat. 

In  the  first  case  (fig.  2)  a  band  of  glandular  tissue,  an  outgrowth  from 
the  caput,  passed  cephalad,  following  the  ductus  choledochus  and  cystic 
duct  and  partially  covering  them  on  their  ventral  side.     It  extended  to 
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about  the  middle  of  the  gall  bladder,  where  it  fused  with  the  connective 
tissue  around  the  latter.  It  had  a  duct  which  passed  down  its  entire 
length  and  joined  the  axial  branch  of  the  caput.  In  the  second  case 
(fig.  3)  a  similar  though  slightly  narrower  band  of  glandular  tissue 
extended  from  the  caput  alongside  of  the  ductus  choledochus  and  ductus 
cysticus.  It  then  continued  along  the  left  side  of  the  gall  bladder  to  the 
posterior  (ventral?)  part  of  the  liver,  where  it  enlarged  into  an  oval 


Fig.  1.  Drawn  in  situ.  Shows  the  relation  of  the  pancreas  and  the  pancreatic 
bladder  to  the  liver,  stomach  and  duodenum.  The  liver  has  been  turned  cepha- 
lad;  the  stomach  is  in  outline. 

G.  B.,  gall  bladder;  R.  L.,  right  lateral  lobe  of  the  liver;  L.  L.,  left  lateral  lobe 
of  the  liver;  P.  B.,  pancreatic  bladder;  P.,  pancreas;  D.,  duodenimi. 

The  triangular  flap  of  pancreatic  tissue  mentioned  in  the  text  can  be  seen  ex- 
tending from  the  pancreas  along  the  duct  connected  with  the  pancreatic  bladder. 
One-half  the  natural  size. 

nodule  about  one  centimeter  in  its  long  diameter.  This  nodule  occupied 
a  hollow  in  the  right  central  lobe  of  the  liver  to  the  left  of  the  gall  blad- 
der.  A  duct  was  present  which  extended  from  the  nodule  down  the 
middle  of  the  band,  and  joined  the  axial  branch  of  ihf  caput  as  in  the 
previous  case. 

The  pancreas  is  usually  described  as  arising  from  a  dorsal  and 
a  ventral  anlage  which  fuse  after  rotation  of  the  duodenum  has 
taken  place,  the  ventral  anlage  giving  rise  to  the  ductus  pan- 
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creaticus   (Wirsung)   while  the  ductus  accessorius   (Santorini) 
takes  its  origin  from  the  dorsal  anlage. 

In  cyclostomes  and  selachians  a  dorsal  anlage  only  is  present, 
in  all  the  remaining  vertebrates  a  dorsal  and  ventral  anlage  is 
found  and  the  investigations  of  Stohr,  Goppert,  Saint-Remy, 
Felix,  Hammer,  Stoss,  Wlassow,  and  others  have  shown  that  the 
ventral  anlage  is  paired,  a  pancreatic  diverticulum  arising  on 


Fig.  2.  Schematic  drawing  constructed  from  Heuer's  description  of  his  first 
case  of  a  pancreas  with  three  principal  divisions. 

D.,  duoaenum;  G.  B.,  gall  baldder;  R.  L.,  right  lateral  lobe  of  the  liver;  L.  L., 
left  lateral  lobe  of  the  liver;  P.,  pancreas  with  a  band  of  pancreatic  tissue 
extending  along  the  ductus  choledochus. 

each  side  of  the  liver  stalk.  The  left  ventral  outgrowth  usually 
disappears,  the  right  persisting  and  maintaining  its  association 
with  the  liver  stalk  which  now  becomes  the  ductus  choledochus. 
Returning  now  to  the  cases  of  Heuer:  it  seems  probable  that  in 
each  case  both  the  right  and  left  ventral  anlage  persisted,  the 
left  in  case  one  (fig.  2)  giving  rise  to  the  broad  band  of  pancreatic 
tissue  extending  along  the  ductus  choledochus  and  ductus  cysti- 
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cus,  while  in  the  second  case  (fig.  3)  the  left  anlage  was  drawn  out 
into  a  long  narrow  band  with  an  enlarged  distal  end.  Now  if 
we  conceive  the  narrow  band  of  pancreatic  tissue  in  the  second 
of  these  cases  to  undergo  a  degeneration  leaving  only  the  duct, 
and  the  distal  enlarged  portion  converted  into  a  dilatation,  we 
have  a  complete  series  of  changes  through  which  these  pancreatic 
bladders  may  have  arisen. 


Fig.  3.  Outline  drawing  of  Heuer's  second  case  of  a  pancreas  with  three  prin- 
cipal divisions. 

D..  duodenum;  G.  B.,  ^all  bladder;  R.  L.,  right  lateral  lobe  of  the  liver;  L.  L., 
left  lateral  lobe  of  the  liver;  P.,  pancreas  with  a  long  narrow  band  of  pancreatic 
tissue  extending  along  the  ductus  choledochus  and  terminating  in  an  expansion 
situated  on  the  left  side  of  the  gall  bladder.    (After  Heuer.) 

Another  and  more  probable  hypothesis  may  be  advanced, 
namely:  that  the  ventral  anlage,  in  place  of  being  double,  may  in 
these  cases  be  bi-lobed,  either  from  the  beginning,  or  as  a  result  of 
fusion,  one  of  the  lobes  having  given  rise  to  the  caput  of  the  pan- 
creas and  the  other  to  the  bands  of  pancreatic  tissues  found  by 
Heuer,  or  to  the  pancreatic  bladders  which  I  have  found. 
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That  the  ventral  anlage  is  in  some  cases  bi-lobed,  the  investi- 
gations of  Wlassow  on  the  development  of  the  pancreas  of  the 
pig  have  shown. 

I  have  described  this  additional  case  of  a  pancreatic  bladder 
and  suggested  two  possible  explanations  of  the  origin  of  these 
bladders  in  order  that  attention  may  again  be  called  to  the 
anomaly  and  to  the  embryological  questions  involved,  and  to 
stimulate  more  careful  observation  on  the  part  of  those  who 
give  courses  in  mammalian  anatomy. 
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AN  ADULT  HUMAN  PANCREAS  SHOWING  AN  EMBRY- 
OLOGICAL  CONDITION 

W.  M.  BALDWIN 
Cornell  University  Medical  College 

This  unusual  pancreas  was  removed  from  the  body  of  an  adult 
white  female,  71  years  old,  who  had  died  of  "valvular  heart  dis- 
ease. ''  The  abdominal  cavity  presented  a  number  of  anomalous 
conditions,  among  these  an  abnormal  duodenum  and  pancreas. 
The  duodenum,  which  was  of  the  V-shaped  variety,  presented 
an  ascending  limb  lying  to  the  right  of  and  ventral  to  the  descend- 
ing limb. 


D.  PANC  ACC. 
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The  pancreas,  represented  in  the  figure  as  seen  from  the  dorsum, 
consisted  of  two  parts  luiited  with  each  other  by  a  narrow  strand 
of  glandular  tissue  dorsal  to  the  duodenum.    The  larger  por- 
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tion  lay  ventral  to  the  bodies  of  the  first  and  second  lumbard 
vertebrae  upon  the  left  side  of  the  descending  limb  of  the  duo- 
denum. 

Because  of  the  pecuUar  V-shape  of  the  duodenum  this  portion 
of  the  pancreas  was  not  situated  within  the  loop  nor  did  it  have 
any  relation  to  the  transverse  or  ascending  portions  of  the  duo- 
denum. It  lay  dorsal  to  the  stomach  and  extended  a  distance 
of  only  5.0  cm.  towards  the  left  kidney  possessing  a  cephalo- 
caudal  diameter  of  3  cm.  and  a  maximum  thickness  of  1.3cm. 
Traversing  themiddle  of  the  glandular  sustance,  a  single  large 
duct  passed  with  increasing  calibre  from  left  to  right  finally 
emptjdng  into  the  duodenum  4.0  cm.  caudal  to  the  pylorus. 

The  other  smaller  portion  of  the  gland  lay  dorsal  to  the  duo- 
denum and  on  a  level  slightly  caudal  to  the  part  just  described. 
Its  long  axis  .extended  along  the  conmion  bile  duct,  which  tra- 
versed it  ventrally,  a  distance  of  3.0  cm.  with  a  width  of  2.0  cm. 
and  a  maximum  dorso-ventral  dimension  of  1.5  cm.  Coursing 
through  this  tissue  a  single  small  duct  passed  caudally  to  empty 
finally  upon  the  dorsal  wall  of  the  duodenum  in  company  with 
the  common  bile  duct.  This  duct  approached  the  caudal  aspect 
of  the  latter.  The  narrow  band  of  pancreatic  tissue  which  joined 
both  portions  of  the  gland  was  drained  by  radicles  of  both  ducts, 
yet  the  ducts  were  not  in  communication  with  each  other.  Upon 
the  duodenal  mucosa,  the  openings  of  the  ducts  were  separated 
by  an  interval  of  3.5  cm.,  the  duct  from  the  larger  portion  being 
cephalic  and  ventral. 

This  anomaly  seems  to  be  an  instance  of  the  non-fusion  of 
the  primitive  ventral  and  dorsal  pancreatic  anlages,  together 
with  an  insufficient  "rotation"  of  the  ventral  anlage  around  the 
duodenum.  The  dorsal  portion  of  the  gland  in  close  apposition  to 
the  common  bile  duct  corresponds  to  the  ventral  anlage  which  forms 
ultimately  the  caudal  portion  of  the  head  of  the  adult  pancreas 
and  the  terminal  portion  of  the  main  pancreatic  duct.  The 
larger  portion,  derived  from  the  dorsal  anlage,  represents  the 
remainder  of  the  head  and  all  of  the  neck  and  body  of  the  gland 
together  with  the  enclosed  ducts. 

Received  for  publication,  November  20,  1909, 
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THE  EARLY  HISTOGENESIS  OF  STRIATED  MUSCLE 
IN  THE  (ESOPHAGUS  OF  THE  PIG  AND  THE  DOG- 
FISH 

CAROLINE  McGILL 

Instructor  in  Anatomy,  University  of  Missouri 
With  Twenty-Five  Figures 

Striated  muscle  is  described  by  most  investigators  as  coming 
exclusively  from  the  inner  plate  of  the  myotome.  In  the  later 
development  of  the  tissue  each  muscle  fiber  is  usually  said  to 
arise  from  a  single  myoblast.  Neither  of  these  statements  holds 
good  however,  regarding  the  oesophagus  of  at  least  the  two  forms 
studied,  as  will  appear  from  the  following  description  of  the  early 
development.  A  brief  review  of  the  literature  on  this  subject 
will  first  be  given. 

LITERATURE  REVIEW 

The  literature,  for  convenience,  is  here  divided  into  three 
classes:  (1)  the  papers  which  describe  the  origin  of  striated  muscle 
in  general  from  the  germ  layers;  (2)  those  which  describe  the 
transformation  of  the  myoblasts  into  muscle  fibers;  and  (3)  those 
which  describe  the  histology  of  the  adult  oesophageal  muscle. 

(1)  Vertebrate  striated  muscle,  with  the  exception  of  one  of 
the  inner  eye  muscles  of  the  chick,  is  almost  universally  described 
as  arising  from  the  mesoderm.  Herzog  ('02)  found  that  in  the 
chick  the  sphincter  of  the  pupil  develops  from  ectoderm.  The 
mode  of  transformation  of  mesoderm  into  muscle-forming  tissue 
(pre-muscle,  as  it  is  termed  by  Lewis  '01)  is  disputed.  The  three 
early  derivatives  of  the  mesoderm,  the  myotome,  the  mesothelium 
and  the  mesenchyme,  each  have  been  considered  bj'^  various 
writers  to  be  the  muscle-forming  tissue.  For  a  complete  review 
of  the  literature  on  this  subject  the  reader  is  referred  to  the  paper 
by  Maurer,  Die  Entwickelung  des  Muskelsystems  und  der  elek- 
trischen  Organe, — ^in  the  Hertwig's  Handbuch  d.  Entwickelungs- 
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lehre  der  Wirbeltiere,  Bd.  3,  (1906).  Remak  ('55)  and  Balfour 
C85)  believed  that  striated  skeletal  muscle  is  derived  from  both 
the  outer  and  inner  plates  of  the  myotome.  The  Hertwigs 
('81)  in  Selachians,  Minot  ('92)  in  the  frog,  Godlewski  ('02) 
in  the  rabbit,  mouse  and  guinea-pig,  Dahlgren  and  Kepner  ('08) 
in  Catostomus,  with  many  other  investigators,  found  striated 
muscle  arising  exclusively  from  the  inner  plate  of  the  myotome. 
The  head  muscles  have  usually  been  described  as  arising  from  the 
epithelium  of  the  head  somites  (Marshall,  '82,  in  Selachians),  but 
Renter  ('98)  found  that  in  the  pig  the  outer  eye  muscles  develop 
from  the  head  mesenchyme. 

Lewis  and  Bardeen  ('01)  stated  that  in  the  human  embryo 
'*The  skeletal  and  muscular  structures  of  the  limbs  are  differen- 
tiated from  the  mesenchyme  of  the  limb  buds."  Lewis  ('01) 
discovered  that  in  the  arm  of  the  human  embryo  the  muscle 
develops  directly  from  mesenchyme.  He  gives  a  good  review 
of  the  literature  on  the  origin  of  the  limb  muscles,  to  which  the 
reader  is  referred.  Since  Lewis'  paper  appeared,  Ingalls  ('07) 
has  described  the  origin  of  the  limb  muscles  from  the  outer  layer 
of  the  myotomes  in  a  4.9  mm.  human  embryo. 

Mlodowska  ('08)  studied  the  development  of  striated  muscles 
in  the  chick,  mouse,  rabbit,  and  pig,  and  found  that  most  of  the 
skeletal  muscle  arises  from  muscle  plates,  but  that  the  surround- 
ing mesenchyme  aids  in  the  later  formation. 

(2)  There  are  two  general  theories  advanced  to  account  for 
the  origin  of  the  multinucleated  striated  muscle  fiber  from  the 
undifferentiated  muscle  tissue.  One  is  that  each  primitive 
myoblast  develops  into  a  single  muscle  fiber,  the  other  is  that 
several  myoblasts  fuse  to  form  the  muscle  fiber.  The  latter  is  the 
syncytial  theory  of  muscle  origin.  Remak  ('50- '55),  KoUiker 
('51),  Schultze  ('61),  Hertwig-Mark  ('92),  Minot  ('92),  Bardeen 
('00),  Eycleshymer  ('04),  Maurer  ('06),  and  Dahlgren  and  Kepner 
('08),  adhere  to  the  unicellular  origin  of  the  muscle  fiber.  Maj^o 
('62),  Calberla  ('76),  Marchesini,  and  Ferrari  ('96),  Godlewski 
('02),  Mlodowska  ('09)  and  numerous  other  writers,  claim  that 
the  muscle  fiber  is  of  syncytial  origin.  The  syncytium,  most  of 
these  investigators  believe,  is  formed  by  a  secondary  fusion  of 
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independent  epithelial  myoblasts.  Bom  (73),  Calberia  ('76), 
Minot  ('92),  and  Maurer  ('06)  give  complete  reviews  of  the  liter- 
ature, so  a  rfeum^  of  the  papers  of  earlier  investigators  is  unneces- 
sary. 

(3)  The  structure  of  the  muscle  of  the  adult  oesophagus. 
Oppel  ('97)  gives  a  lengthy  review  of  the  Uterature  on  the  struc- 
ture of  the  muscle  of  the  vertebrate  oesophagus,  to  which  the 
reader  is  referred.  Since  the  structure  of  the  adult  muscle  throws 
some  light  on  the  development,  a  short  review  of  a  few  of  the 
papers  is  given  here.  According  to  Oppel,  all  of  the  muscle 
of  the  oesophagus  of  amphibia,  birds,  and  reptiles  is  smooth.  In 
most  fishes  and  mammals,  a  marked  differentiation  of  smooth 
into  cross-striated  muscle  has  taken  place.  In  some  of  the  fishes 
both  layers  of  muscle  are  striated  throughout  the  length  of  the 
oesophagus;  in  other  fishes  only  one  layer,  usually  the  thicker 
inner  one  is  striated.  Mammals  also  have  varying  amounts  of 
striated  muscle.  In  ornithorhynchus,  all  of  the  muscle  in  both 
layers  is  smooth,  just  as  in  amphibia,  reptiles  and  birds.  In 
a  niunber  of  mammals  (giraffe,  elephant,  all  rodents,  cattle  and 
sheep)  both  layers  of  muscle  are  striated  down  to  within  one- 
fourth  inch  from  the  cardia.  In  some  manunals  striated  fibers 
of  the  outer  or  longitudinal  layer  have  been  described  as  extending 
for  a  distance  upon  the  cardia.  Between  these  two  extremes  are 
all  transitions. 

Oppel  states  also  that  the  primitive  vertebrate  probably 
possessed  only  smooth  muscle  in  the  oesophagus.  The  presence 
of  striated  muscle  where  it  does  occur,  he  thinks  is  due  to  a  down- 
growth  of  the  muscle  of  the  pharyngeal  constrictors  upon  the 
oesophagus.  He  thus  derives  the  striated  oesophageal  muscle  from 
the  branchial  muscle  \yhich  is  held  by  most  investigators  to  arise 
from  the  lower  head  myotomes. 

Coakley  ('92)  describes  striated  muscle  fibers  in  the  upper 
part  of  the  human  oesophagus  as  having  a  structure  precisely 
like  that  of  the  skeletal  muscle.  In  the  lower  oesophagus  he  found 
scattered  striated  fibers  in  both  layers  extending  as  far  as  the 
stomach.  These  lower  fibei's  do  not  show  as  distinct  cross- 
striations,  as  do  the  ordinary  striated  muscle  fibers.    He  believes 
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that  they  are  an  intermediate  form  between  smooth  and  cross- 
striated  muscle.  Though  not  so  stated,  he  evidently  thinks  that 
the  striated  muscle  here  is  formed  directly  from  the  smooth 
muscle. 

Flint  ('07)  worked  only  on  the  grosser  structure  of  the  oesopha- 
gus of  the  pig  embryo.  The  striated  muscle  is  formed,  he  states, 
by  differentiation  of  the  mesenchyme.  In  the  13  nam.  pig  embryo 
the  mesenchyme  cells  have  begun  to  elongate.  By  the  time  the 
embryo  is  7.5  cm.  long,  both  layers  of  muscle  are  differentiated. 
The  first  evidence  of  cross-striation  appears  at  11  cm. 

The  writer  ('07)  in  a  description  of  the  development  of  smooth 
muscle  in  the  oesophagus  of  the  pig,  found  the  striated  muscle 
developing  somewhat  earlier  than  described  by  Flint.  There 
is  an  elongation  of  mesenchyme  cells  to  form  the  circular  layer 
beginning  in  the  mid-oesophagus  of  the  5  nam.  pig.  In  the  8  mm. 
embryo  the  elongation  of  cells  extends  the  entire  length  of  the 
oesophagus.  From  this  differentiated  mesenchyme,  in  the  upper 
and  mid-oesophagus,  striated  muscle  develops;  in  the  lower 
oesophagus,  smooth  muscle. 

MATERIAL  AND   METHODS 

The  oesophagus  of  the  dogfish  (Acanthias  vulgaris)  and  of 
the  pig  was  the  material  used.  Serial  sections  of  dogfish  embryos 
from  3  mm.  to  60  mm.  in  length  were  studied.  The  embryos 
from  3  mm.  to  10  mm.  long  were  fixed  in  Zenker's  fluid.  All  the 
longer  ones  were  fixed  in  sublimate  or  in  sublimate-acetic  solu- 
tions. The  pig  embryos  used  ranged  from  4  mm.  to  60  mm.  in 
length.  Thej'^  were  all  fixed  in  Zenker's  fluid  and  were  cut  in 
serial  sections.  All  were  embedded  in  paraffin.  The  sections 
were  stained  in  Delafield's  haematoxylin,  Heidenhain's  iron-hsema- 
toxylin  with  a  counter  stain  of  Congo  red,  and  in  Mallory's  aniUn 
blue  connective  tissue  stain. 

OBSERVATIONS 

This  paper  is  restricted  to  the  early  development  of  striated 
muscle  in  the  oesophagus.  The  later  development,  including 
the  differentiation,  growth,  and  multiplication  of  the  fibers,  is 
reserved  for  a  separate  paper. 


Digitized  by 


Google 


HISTOGENESIS   OF   STRIATED  MUSCLE  27 

For  tracing  the  origin  of  the  myoblasts,  dogfish  embryos 
were  used.  The  later  transformation  of  myoblasts  into  muscle 
fibers  was  studied  chiefly  in  pig  embryos. 

(1)     The  Origin  oi  Myoblasts  in  the  (Esophagus 

As  already  mentioned  in  the  literature  review,  Oppel  ('97) 
found  the  striated  muscle  of  the  oesophagus  to  be  a  downgrowth 
of  pharyngeal  muscles,  hence  arising  indirectly  from  the  myo- 
tomes of  the  branchial  region.  Flint  ('07)  and  the  writer  ('07) 
state  that  it  arises  from  the  mesenchyme  surrounding  the  endo- 
dennal  tube. 

In  both  dogfish  and  pig  embryos,  the  oesophageal  striated 
muscle  arises  directly  from  the  mesenchyme.  There  is  apparently 
no  downgrowth  from  the  pharyngeal  region,  at  least  in  the  dog- 
fish. To  be  sure  of  this  it  was  necessary  to  study  early  embryos 
and  to  trace  the  development  of  the  mesenchjine  cells  in  which 
the  muscle  arises.     This  was  done  in  the  dogfish  material. 

The  earliest  dogfish  embryo  studied  by  the  writer  was  3  mm. 
in  length.  At  this  stage  there  are  very  few  mesenchyme  cells 
formed.  The  mesoderm  is  represented  by  two  layers,  the  somatic 
and  splanchnic,  which  have  extended  dorsalward  and  form  a 
number  of  myotomes.  In  places  in  the  head  region  from  the 
splanchnopleure  at  its  jimction  with  the  myotome,  a  few  irregular 
cells  seem  to  be  arising,  which  may  represent  the  first  mesenchy- 
mal 'Cells.  Minot  ('92)  stated  that  the  mesenchyme  arises  solely 
from  the  mesothehum,  the  cells  leaving  the  mesothelium,  but 
remaining  connected  with  it  and  with  each  other  by  protoplasmic 
processes.  Thus  from  its  origin  the  mesenchyme  is  a  syncytium. 
He  also  found  that  the  first  mesenchyme  of  elasmobranchs  arises 
from  the  splanchnic  layer  at  the  point  where  the  myotome  unites 
with  the  nephrotome. 

Fig.  1.  is  a  crossHBection  through  the  upper  oesophagus  of  a 
3  mm.  dogfish  embryo.  There  is  nowhere  in  this  embryo  any 
distinct  mesenchyme  formed.  At  a  in  fig.  1.  is  a  stellate  cell 
which  seems  to  have  formed  from  the  mesothehum,  and  is  still 
connected  with  it  by  protoplasmic  bridges.     It  may  be  one  of 
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the  earliest  mesenchyme  cells.  The  mesotheUal  cells  at  this 
time  have  numerous  processes  which  extend  to  the  surroimding 
organs.  Fig.  4  is  a  high  power  drawing  of  area  X  in  fig.  1,  and 
shows  these  processes  distinctly.  They  are  most  numerous  dor- 
sal and  ventral  to  the  coelom. 

Fig.  2  is  drawn  from  a  section  near  the  mid-oesophagus  of  the 
same  3  mm.  embryo.  The  myotomes  are  shown  connected  with 
the  coelomic  mesotheUum  by  a  narrow  strand  of  irregular  cells. 
Under  high  power  (fig.  5)  these  cells  are  found  to  be  connected  by 
wide  anastomoses,  and  from  them  numerous  processes  extend  to 
the  ectoderm  and  the  endoderm.  They  have  much  the  appear- 
ance of  mesenchyme  cells,  but  sections  of  a  later  embryo  at  this 
region  show  that  no  true  mesenchyme  has  yet  been  formed. 

Fig.  3  is  through  the  lower  oesophagus  of  the  same  embryo  as 
shown  in  figs.  1  and  2.  At  this  point  the  two  layers  of  the  meso- 
thehum  are  distinct  and  the  coelomic  cavity  extends  into  the 
myotome.  Fig.  6  is  a  high  power  drawing  of  area  X  in  fig.  3. 
There  are  wide  protoplasmic  anastomoses  between  the  two  layers 
of  mesothelial  cells,  and  many  finer  processes  extend  to  the  base- 
ment membranes  of  the  ectoderm  and  the  endoderm.  In  the  3 
mm.  embryo  the  myotome  is  in  contact  with  the  epithelium  of  the 
oesophagus,  but  a  study  of  later  stages  shows  that  before  the  mes- 
enchyme, which  later  surroimds  the  oesophagus,  is  formed,  the 
myotomes  have  grown  some  distance  dorsalward  and  are  well 
removed  from  the  oesophagus.  At  a  later  stage,  also,  most  of  the 
protoplasmic  processes  of  the  mesothelial  cells  have  been  with- 
drawn, so  it  is  probable  that  they  do  not  represent  the  anasto- 
moses of  the  later  mesenchymal  syncytium. 

Since  syncytium,  as  used  in  recent  anatomical  writings,  has 
had  various  meanings,  its  definition  as  here  employed  is  given. 
By  syncytium  is  meant  any  tissue  where  there  are  well  defined 
protoplasmic  anastomoses  between  the  cells.  Where  all  the  cells 
are  so  united,  the  tissue  is  described  as  a  complete  syncytium. 
Where  some  of  the  cells  are  independent  and  others  are  connected, 
the  term  partial  syncytium  is  used.  By  cell,  as  employed  in 
describing  a  syncytium,  is  meant  merely  the  irregular  stellate 
or  spindle  shaped  mass  of  protoplasm  which  makes  up  a  nodal 
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point  of  the  protoplasmic  network,  together  with  the  enclosed 
nucleus. 

In  the  4  mm.  dogfish  embryo  the  coelomic  epithehum  has  grown 
far  forward  beyond  the  region  of  the  oesophagus;  and  from  it, 
around  the  brain  and  upper  pharynx,  considerable  mesenchyme  is 
forming  by  the  outgrowth  of  stellate  cells  from  the  mesothelium. 
In  the  neighborhood  of  the  oesophagus,  the  condition  is  almost 
precisely  as  in  the  3  mm.  dogfish,  with  the  exception  that  the 
myotomes  have  grown  farther  dorsalward. 

Fig.  7  is  from  the  upper  oesophagus  of  a  5.5  mm.  dogfish  embryo. 
Here  the  myotome  is  well  formed  and  has  grown  well  away  from 
the  endodermal  tube.  The  mesothelium  is  distinctly  epithelial 
and  shows  fewer  cytoplasmic  processes  than  were  present  in  the 
3  mm.  embryo.  Though  no  mesenchyme  is  yet  present  in  this 
region,  it  is  well  formed  as  a  complete  syncytium  filling  in  the 
spaces  between  the  organs  in  the  head  region. 

Fig.  8  is  from  the  mid-oesophagus  of  the  same  embryo  as 
shown  in  fig.  7.  Here  there  are  a  few  stellate  cells  between  the 
splanchnic  layer  of  the  mesoderm  and  the  endoderm,  but  the 
high  power  drawing  (fig.  9)  of  area  of  X  in  fig.  8  shows  that 
most  of  these  loose  cells  are  really  endothehal  cells.  The  blood 
vessels  are  growing  in  at  this  stage. 

In  the  10  mm.  dogfish  embryo  there  is  the  first  distinct  for- 
mation of  mesenchyme  between  the  splanchnopleure  and  the 
endoderm  of  the  oesophagus.  The  splanchnic  mesothelium  is 
closely  applied  to  the  endoderm  and  also  extends  as  a  mesentery 
to  become  continuous  with  the  somatic  layer.  The  enlargement 
of  the  coelom  brings  about  this  condition  as  shown  in  fig.  10.  At 
this  stage  the  oesophagus  is  more  definitely  separated  from  the 
myotome  and  from  the  mesenchyme,  mc.  In  the  uppermost  part 
of  the  oesophagus  near  the  pharjnix  there  is  a  very  small  amount 
of  mesenchyme,  continuous  with  the  head  mesenchyme.  Longi- 
tudinal sections  of  this  region  show  nothing  that  can  be  identified 
as  cells  of  myotomic  origin.  The  mesenchyme  here  comes  from 
the  splanchnopleure.  At  A  in  fig.  10,  mid-oesophagus,  is  a 
spindle-shaped  mesenchyme  cell  between  the  endoderm  and  the 
mesothelium    Fig.  11  is  a  high  power  drawing  from  a  section  of 
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the  same  embryo,  slightly  anterior  to  the  one  from  which  fig.  10 
was  taken.  This  section  shows  the  origin  of  two  mesenchyme 
cells  from  the  mesothelium. 

In  fig.  12  is  shown  the  mid-oesophagus  of  a  25  mm.  dogfish. 
This  is  at  the  region  where  the  limien  of  the  oesophagus  is  obliter- 
ated for  a  time.  In  sections  both  above  and  below  the  one  pic- 
tured no  lumen  is  present.  Here  quite  a  thick  layer  of  mesen- 
chyme has  differentiated  from  the  mesotheliimi.  Longitudinal 
sections  show  that  this  mesenchyme  forms  in  situ.  There  are  no 
indications  that  its  cells  migrate  from  the  myotomes,  from  which 
the  oesophagus  is  now  completely  separated.  Longitudinal  sec- 
tions show  that  in  the  upper  oesophagus  little  or  no  mesenchjrme 
has  yet  appeared. 

The  mesenchyme  cells  of  the  oesophagus  form  a  complete  syn- 
cytiiun.  They  are  still  connected  by  wide  anastomoses  with  the 
mesothelium.  From  this  time  on,  most  of  the  new  formation  of 
the  mesenchyme  of  the  oesophagus  in  this  region  is  by  the  mitosis 
of  the  cells  already  formed,  and  not  by  further  differentiation 
from  the  mesothelium.  In  the  mesenchymal  syncytium  of  the 
mid-oesophagus  the  cells  soon  begin  to  differentiate  into  myo- 
blasts, as  shown  in  Fig.  13. 

Pig  embryos  were  not  obtained  young  enough  to  trace  the  early 
formation  of  the  myoblasts.  When  first  studied  in  a  4  mm. 
pig  embryo,  the  oesophagus  and  surrounding  region  show  about 
the  same  structiure  as  seen  in  the  25  mm.  dogfish  embryo  (fig. 
12).  In  the  4  to  7  nun.  pig  embryos  the  oesophagus  is  surrounded 
by  a  thick  layer  of  undifferentiated  mesenchyme.  There  is  no 
indication  of  a  migration  of  myoblasts  from  the  myotomes  into 
this  tissue.  As  we  have  seen,  it  seems  highly  probable  from  the 
study  of  the  early  dogfish  embrj'o  that  the  myoblasts  of  the 
oesophagus  arise  from  the  mesenchyme  derived  from  the  splanch- 
nopleure,  not  from  the  muscle  plate,  and  that  there  is  no 
downgrowth  of  the  pharyngeal  muscle  to  form  oesophageal  muscle. 
The  same  condition  is  probably  present  in  the  pig  embryo. 


Digitized  by 


Google 


histogenesis  of  striated  muscle  31 

(2)    The  Transformation  of  the  Mesenchyme  into  Cross- 
striated  Muscle 

(a)  Early  Development 

In  the  dogfish  mid-oesophagus,  until  the  embryo  reaches  a 
length  of  26  mm.,  and  in  the  pig  embryo  until  it  reaches  5  mm. 
the  tissue  outside  of  the  endodermal  tube  consists  of  a  loose 
mesenchjTnal  syncytium,  the  origin  of  which  has  just  been 
described.  The  nuclei  of  the  syncytium  are  round  or  oval 
with  distinct  nuclear  wall  and  chromatin  reticulum.  From  one 
to  three  true  nucleoli  are  present  in  each  nucleus,  but  they  are 
frequently  obscured  by  the  chromatin.  The  protoplasm  shows  a 
reticular  structuie,  the  strands  of  which  are  made  up  of  fine 
granules  (fig.  12  from  a  30  mm.  dogfish  embryo,  and  fig.  15  from 
a  7  nmi.  pig  embryo). 

In  this  mesenchymal  syncytium  throughout  the  entire  length 
of  the  dogfish  oesophagus,  and  in  the  upper  two-thirds  of  the  pig 
oesophagus,  striated  muscle  develops.  In  the  lower  third  of 
the  pig  oesophagus  smooth  muscle  develops.  The  first  stage 
in  muscle  formation  is  a  general  condensation  of  the  mesenchyme 
at  a  short  distance  from  the  endodermal  tube.  This  begins  in 
the  4  mm.  pig  embryo,  and  in  the  25  mm.  dogfish  embryo.  The 
condensation  is  brought  about  by  a  rapid  mitotic  division  of  the 
nuclei,  with  a  corresponding  increase  in  the  amount  of  syncytial 
cytoplasm.  The  condensation  begins  in  the  mid-oesophagus 
and  extends  rapidly  both  up  and  down  the  tube. 

The  early  formation  of  striated  muscle  in  the  oesophagus  of 
both  pig  and  dogfish  up  to  the  time  the  cross  striations  appear 
in  the  fibrillae,  is  precisely  like  the  development  of  the  smooth 
muscle  of  the  lower  oesophagus  of  the  pig.  The  two  tissues 
arise  from  a  continuous  sheet  of  mesenchyme.  The  description 
given  in  the  writer's  paper  on  the  histogenesis  of  the  smooth 
muscle  in  the  oesophagus  of  the  pig  (McGill  '07)  will  therefore 
apply  equally  well  for  the  early  development  of  the  striated  mus- 
cle in  this  region.  A  comparison  of  figs.  1  to  21  of  the  earlier 
paper  with  figs.  1  to  17  of  the  present  paper  will  show  this  striking 
similarity.     It  will  be  necessary  merely  to  compare  the  formation 
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of  striated  muscle  with  that  of  smooth  muscle  already  described 
and  to  refer  the  reader  to  the  writer's  previous  paper  for  details 
of  the  early  mj'^ogenesis. 

Precisely  as  in  smooth  muscle  histogenesis,  when  the  forma- 
tion of  striated  muscle  of  the  oesophagus  begins  in  the  condensed 
mesenchyme,  it  is  first  of  all  indicated  by  an  elongation  of  some  of 
the  mesenchymal  nuclei.  For  the  circular  layer  of  muscle,  this 
begins  in  the  5  mm.  pig  embryo.  The  protoplasm  around  each 
nucleus  increases  in  amount  and  likewise  elongates  (figs.  16  to 
18).  Elongation  for  the  formation  of  the  longitudinal  layer 
does  not  begin  in  the  pig  until  the  embryo  reaches  a  length  of 
20  mm. 

Here,  too,  as  in  smooth  muscle  formation,  the  statement  that 
muscle  arises  from  undfferentiated  mesenchjine  is  true  only 
for  the  first  few  myoblasts  formed.  In  the  15  mm.  pig  through- 
out the  mesenchyme  collagenous  fibers  appear,  as  shown  by 
Mallory's  stain.  Most  of  the  striated  muscle  arises  from  this 
embryonal  connective  tissue  just  as  does  the  smooth  muscle. 
Some  of  the  embryonal  connective  tissue  cells  in  the  areas  of 
muscle  formation  ren^ain  undiflferentiated  and  form  the  interstitial 
connective  tissue  both  of  smooth  and  striated  muscle. 

(6)  Increase  in  the  Number  of  Myoblasts 

The  increase  in  the  number  of  myoblasts  of  striated  oesopha- 
geal muscle  takes  place  in  just  the  same  way  as  does  that  of 
smooth  muscle.  That  is,  either  by  a  continuation  of  the  trans- 
formation of  the  embryonal  connective  tissue  cells  into  myoblasts, 
or  by  the  mitotic  division  of  myoblasts  already  formed.  Seldom 
do  mitoses  occur  in  the  myoblasts  after  many  myofibrillse  have 
appeared. 

(c)  The  Formation  of  Myofibrillas 

Immediately  following  the  elongation  of  the  mesenchymal 
nuclei,  or  later,  of  the  embryonal  connective  tissue  nuclei,  the 
myofibrillse  arise  in  the  cytoplasm.  The  myofibrillse,  both  in 
the  dogfish  and  in  the  pig,  develop  as  homogeneous  structures 
without    cross-striations.     They  look    exactly    like    the    early 
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fibrilte  of  smooth  muscle.  This  agrees  with  the  observations 
of  Bardeen  ('00),  Godlewski  ('02)  and  Eycleshymer  ('04). 

Two  varieties  of  homogeneous  myofibrillae  form,  the  coarse  and 
the  fine.  The  coarse  myofibrillae  arise  in  the  granular  cytoplas- 
mic reticulum..  Many  of  the  coarse  protoplasmic  granules  which 
are  present  in  large  numbers  at  the  time  the  coarse  myofibrillae 
first  appear,  seem  to  be  of  nuclear  origin.  As  the  mesenchymal 
nuclei  in  the  area  of  muscle  formation  multiply  by  mitosis  some 
of  the  chromatin  appears  to  be  left  outside  in  the  cytoplasm 
(figs.  20,  22,  23).  These  coarse  granules  become  arranged  in 
clumps  to  form  spindle  shaped  masses.  These  spindles  are 
usually  close  to  the  nuclei  (figs.  18  and  21).  The  granules  in  the 
spindles  soon  fuse  to  form  homogeneous  structures.  Neighbor- 
ing spindles  unite  to  form  long,  varicose  fibrillae  (fig.  21). 

Mlodowska  ('08)  has  described  a  similar  process  in  skeletal 
n\uscle.  These  coarse,  varicose  fibrillac  extend  long  distances 
through  the  protoplasmic  syncytium.  In  the  15  mm.  pig  embryo 
some  of  them  extend  over  half  the  circumference  of  the  oesophagus. 
In  time  the  fibrillae  become  more  nearly  uniform  in  caUber  (fig. 
17).  This  type  of  formation  of  coarse  fibrilla?  is  found  only  in 
the  early  embryo.  All  subsequent  myofibrillje  arise  as  fine  fibrillae 
which  later  thicken  to  form  uniform  coarse  fibrillar.  The  develop- 
ment of  coarse  myofibrillae  begins  in  the  9  nun.  pig  embryo  (fig. 
16)  and  in  the  30  mm.  dogfish  embryo  (fig.  13). 

The  formation  of  fine  myofibrillae  begins  in  the  25  to  30  mm. 
pig  embryo.  Their  development  is  practically  Hke  that  of  the 
fine  fibrillae  of  smooth  muscle.  In  striated  muscle,  however, 
all  of  them  later  form  coarse  fibrillae. 

In  fig.  25  an  interesting  stage  is  seen.  Here  the  first  formed 
coarse  fibrillae  have  become  cross-striated.  Among  them  are 
other  coarse  fibrillae  not  jet  striated,  and  also  numerous  fine 
myofibrillae  just  arising.  On  the  periphery  of  the  muscle  layer 
is  embryonal  connective  tissue  differentiating  into  muscle.  The 
myofibrillae  here  arising  are  fine  in  the  beginning,  not  coarse  as 
were  the  first  myofibrillae.  These  fine  myofibrillae  gradually 
thicken  and  finally  also  become  cross-striated.  The  first-formed 
coarse  and  fine  myofibrillae  correspond  vory  closely  to  the  coarse 
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and  fine  fibrillse  found  in*  developing  smooth  muscle.  In  fact, 
in  fig.  17  from  a  section  through  the  upper  oesophagus  of  a  15 
nun.  pig  embryo,  the  developing  cross-striated  muscle  has  precisely 
the  same  appearance  as  has  the  developing  smooth  muscle  of  the 
lower  oesophagus  of  the  same  embryo. 

The  first  evidence  of  cross-striation  in  the  pig  was  seen  in  the  13 
nmi.  embryo  in  the  muscle  of  the  circular  layer  of  the  mid-oesopha- 
gus. Few  of  the  homogeneous  fibrillae  however  become  cross 
striated  before  the  embryo  reaches  a  length  of  25  mm.  Cross- 
striations  were  seen  in  the  longitudinal  muscle  layer  of  the  27  nun. 
pig  embryo.  In  the  dogfish,  cross  striations  appear  in  the  muscle 
of  the  oesophagus  in  embryos  between  50  mm.  and  60  mm.  in 
length. 

In  the  development  of  the  striated  muscle  of  the  oesophagus, 
just  as  in  the  smooth  muscle,  the  myofibrillae  arise  everywhere  in 
a  syncytium.  The  syncytium  in  striated  muscle  persists  until 
a  late  stage,  when  it  is  par ciallybroken  up  to  form  the  muscle  fibers. 
This  takes  place  when  the  sarcolenama  differentiates  from  the 
interstitial  connective  tissue.  Even  after  the  muscle  fibers  are 
formed,  the  syncytium  is  in  part  retained,  for  each  muscle  fiber  is 
derived  from  several  cells  of  the  original  syncytium. 

The  nuclei  seem  to  take  an  active  part  in  the  formation  of 
myofibrillae.  In  their  division,  as  already  mentioned,  they  seem 
to  leave  at  times  much  chromatin  behind  in  the  cytoplasm,  and 
this  chromatic  material  helps  to  form  the  first  myofibrillae. 
Then  at  the  time  the  fibrillae  are  forming  most  rapidly  the  muscle 
nuclei  are  filled  with  deeply  staining  chromatin  (figs.  17  and  22). 
In  all  of  these  early  stages  the  muscle  nuclei  stain  much  more 
deeply  than  do  the  connective  tissue  nuclei,  unless  the  latter  be 
in  mitosis.  The  fact  that  in  their  development  the  myofibrillae 
begin  to  arise  near  the  nuclei,  and  that  the  spindle-like  enlarge- 
ments of  the  varicose  fibrillae  are  usually  near  the  nuclei,  is  also 
evidence  that  the  nuclei  may  take  part  in  fibrillar  formation. 
Now  and  then  in  early  myogenesis  some  of  the  muscle  nuclei 
seem  to  break  down  completely  and  liberate  their  chromatin  into 
the  cytoplasm.  This  chromatin  also  may  possibly  take  part  in 
fibrillar  formation. 
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(d)  The  Interstitial  Connective  Tissue 

The  early  formation  of  the  interstitial  connective  tissue  is 
very  similar  in  the  striated  muscle  of  the  oesophagus  to  that 
already  described  for  the  smooth  muscle,  so  the  details  of  develop- 
ment are  not  given  here.  The  connective  tissue  arises  in  situ. 
In  skeletal  muscle  it  does  not  grow  in  from  the  outside  as  has 
been  described  by  most  recent  workers,  Bardeen  ('00),  Godlewski 
('02),  Eycleshymer  ('04),  Mlodowska  ('08),  along  with  many  early 
investigators.  There  is  also  no  indication  in  the  histogenesis 
of  oesophageal  striated  muscle  of  a  degeneration  of  the  forming 
muscle  tissue  to  allow  the  ingrowth  of  the  connective  tissue, 
as  has  been  found  on  skeletal  muscle  by  Mayer  ('86),  Bardeen 
COO),  Godlewski  ('02),  Eycleshymer  ('04),  and  Mlodowska  ('08). 

In  development,  protoplasmic  anastomoses  between  the  mus- 
cle cells  and  the  connective  tissue  cells,  are  everjrwhere  demon- 
strable (figs.  13,  14,  16,  17,  18,  22  and  24).  In  this  protoplasmic 
syncytium,  myofibrillse  and  connective  tissue  fibrillse  develop 
side  by  side.  Later,  the  collagenous  fibrillse  are  crowded  out  of 
the  muscle  protoplasm  by  the  growth  of  myofibrillse.  Numerous 
figures  from  material  stained  in  Mallory's  anilin  blue  connective 
tissue  stain,  showing  the  differentiation  of  the  collagenous  and 
myo-fibrilte  side  by  side,  are  given  in  the  writer's  previous 
paper. 

(e)  The  Relation  of  Striated  to  Smooth  Muscle 

The  origin  of  the  oesophageal  muscle  as  traced  in  the  pig  and  the 
dogfish  embryo  seems  to  confirm  Oppel's  statement  that  the 
smooth  muscle  is  the  primitive  muscle  of  the  oesophagus.  Oppel 
arrived  at  his  conclusion  from  the  standpoint  of  comparative 
anatomy  and  phylogeny.  In  the  pig  and  in  the  dogfish  oesoph- 
agus, both  tissues  as  we  have  seen,  arise  side  by  side  from  the 
conmion  mesenchymal  syncytium.  Until  the  cross-striations 
appear  in  the  fibrillse  of  the  striated  muscle,  both  developing 
tissues  look  precisely  alike.  Smooth  muscles  may  retain  nearly 
this  primitive  structure  in  the  adult.  In  the  lower  oesophagus 
of  the  pig  the  adult  muscle  retains  its  syncytial  structure  and  has 
in  places  practically  the  same  appearance  as  the  embryonal 
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syncytium  in  the  formation  of  cross-striated  muscle  shown  in 
fig.  17.  In  most  places  however,  more  myofibrilte  develop  in  the 
smooth  muscle  syncytium,  and  there  is  later  in  the  myofibrillse 
of  smooth  muscle  a  tendency  to  be  grouped  to  form  individual 
spindle-shaped  muscle  fibers  or  cells.  As  far  as  I  have  found, 
all  the  transitions  from  smooth  to  cross-striated  muscle  in  verte- 
brates oecm*  only  in  the  embryo.  There  is  a  possibility,  however, 
that  even  in  the  adult  manmial,  intermediate  forms  between 
smooth  and  cross-striated  muscle  may  occur,  as  Coakley  ('92), 
described  in  the  human  oesophagus.  At  any  rate,  in  develop- 
ment the  two  tissues  are  very  closely  related. 

SUMMARY 

1.  The  tissue  destined  to  form  the  striated  muscle  of  the 
oesophagus  (dogfish)  arises  from  the  splanchnic  layer  of  the  meso- 
thelium  in  the  region  where  this  epithelium  is  in  contact  with  the 
oesophageal  endoderm.  Apparently  there  is  no  connection  at 
any  stage  of  development  between  this  muscle-forming  tissue, 
which  is  typical  mesenchyme,  and  the  cells  of  the  myotome. 

2.  The  mesenchyme  in  which  striated  muscle  of  the  oesopha- 
gus forms,  in  both  pig  and  dogfish,  is  a  complete  syncytium. 

3.  In  the  4  mm.  pig  embryo  and  in  the  25  mm.  dogfish  embryo 
there  is  a  condensation  of  the  mesenchyme  around  the  endoderm 
of  the  oesophagus.  In  this  condensed  mesenchyme  the  muscle 
arises. 

4.  The  next  step  in  muscle  differentiation  is  an  elongation 
of  some  of  these  mesenchymal  nuclei  accompanied  by  an  increase 
in  the  amount  of  the  surrounding  cytoplasm.  This  begins  in  the 
oesophagus  of  the  5  mm.  pig  embryo  and  of  the  30  mm.  dogfish 
embryo. 

5.  After  the  first  formation  of  muscle,  the  tissue  increases  in 
amount  in  two  ways:  (1)  by  addition  of  new  myoblasts  from  the 
mesenchyme  without,  or  by  differentiation  of  interstitial  embry- 
onal connective  tissue  cells  into  myoblasts;  and  (2)  by  mitotic 
division  of  the  myoblasts  already  formed. 

6.  As  the  nuclei  elongate  in  the  muscle-forming  tissue  the 
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myofibrillse  arise  in  the  protoplasmic  syncytium.  The  fibrillae 
form  as  homogeneous  structures,  which  later  become  cross- 
striated.     In  first  formation  they  are  of  two  types,  coarse  and  fine. 

7.  The  coarse  myofibrillae  form  first  and  develop  by  a  massing 
of  protoplasmic  granules  into  irregular  spindle-shaped  structures. 
The  spindles  form  near  the  nuclei.  Soon  the  spindles  unite  end 
to  end  to  form  varicose  fibrillae.  The  granules  fuse  and  the  fibrillae 
become  homogeneous  and  later  of  uniform  caliber.  Shortly  after 
this  the  cross-striations  appear.  The  coarse  myofibrillae  arise 
in  the  9  nam.  pig  embryo  and  in  the  30  mm.  dogfish  embryo. 

8.  In  the  older  embryos  all  of  the  fibrillae  form  as  fine  myo- 
fibrillae. These  increase  in  size  and  later  may  form  coarse  myo- 
fibrillae. 

9.  Cross-striations  were  first  distinguished  in  the  oesophagus 
of  the  13  mm.  pig  embryo  and  of  the  50  mm.  dogfish  embryo.  In 
the  pig,  however,  only  a  few  fibrillae  become  striated  before  the 
embryo  reaches  a  length  of  30  mm. 

10.  The  nuclei  appear  to  play  an  active  part  in  the  formation 
of  myofibrillae. 

11.  The  interstitial  connective  tissue  of  the  oesophageal 
striated  muscle  is  fonned  in  situ  from  embryonal  connective 
tissue  cells,  which  remain  undifferentiated*  among  the  muscle 
cells.  There  is  thus  no  necessity  for  ingrowth  of  connective 
tissue  such  as  is  described  in  the  histogenesis  of  skeletal  muscle. 

12.  There  is  at  no  stage  in  the  development  of  the  striated 
muscle  of  the  oesophagus  a  degeneration  of  muscle  cells  such  as 
some  investigators  have  found  in  the  histogenesis  of  skeletal 
muscle. 

13.  The  muscle  tissue  remains  a  complete  syncytium  until  a 
comparatively  lat^  stage,  when  the  interstitial  connective  tissue 
grows  rapidly  in  connection  with  the  formation  of  the  definite 
cross-striated  muscle  fibers. 

14.  The  smooth  and  the  cross-striated  muscle  of  the  oesopha- 
gus arise  from  a  common  mesenchymal  syncytium.  In  the  early 
stages,  up  to  the  time  when  the  cross-striations  form,  both  tissues 
appear  identical  in  structm-e.  The  striated  muscle  of  the  oesopha- 
gus seems  to  be  only  a  further  differentiation  of  smooth  muscle. 
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No  transition  forms  between  the  two  tissues  however  were  found 
in  the  adult  oesophagus. 
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Fig.  1.  Cross-section  through  the  body  of  a  3  mm.  dogfish  embryo  at  level  of 
upper  oesophagus.  There  is  no  mesenchyme  formed.  The  mesothelial  cells,  mt* 
show  fine  protoplasmic  processes,  a  is  a  loose  cell  which  appears  to  be  a  mesen- 
chyme cell  just  arising  from  the  mesothelium.  Zenker's  fluid,  iron-hflBmatoxylin. 
B.  and  L.  oc.  10,  obj.  16  mm. 

Fig.  2.  Cross-section  through  same  embryo  as  in  fig.  1,  but  taken  at  the  level 
of  mid-oesophagus.  The  myotome,  m,  is  formed.  Between  the  myotome  and  the 
coelomic  epithelium,  mt,  is  a  strand  of  loose  cells  resembling  mesenchyme.  Zen- 
ker's fluid  iron-luematoxylin.    B.  and  L.  oc.  10,  obj.  16  mm. 

Fig.  3.  A  section  through  the  lower  oesophagus  of  the  same  embryo.  The  con- 
nection of  the  cavity  of  the  myotome  with  the  coelom  is  shown.  Zenker's  fluid, 
iron-h8Bmatoxylin.    B.  and  L.  oc.  10,  obj.  16  nun. 

Fig.  4.  A  high  power  drawing  of  area  X  in  fig.  1  to  show  the  protoplasmic  net- 
work extending  from  the  mesothelial  cells  to  the  surrounding  organs.  B.  and  L. 
oc.  10,  Zeiss  2.  mm.  1.30  apochrom.  obj. 

Fig.  5.  A  high  power  drawing  of  region  X  in  fig.  2.  The  mesothelial  cells  are 
more  or  less  united  into  a  syncytium.  B.  and  L.  oc.  10,  Zeiss  2.  mm.  1.30  apoch- 
rom. obj.  • 

Fig.  6.  A  high  power  drawing  of  region  X  in  fig.  3.  The  mesothelial  cells  are 
more  or  less  fused  leaving  only  a  partially  developed  coelom.  The  mesothelium 
forms  two  layers,  splanchnic  and  somatic.  Protoplasmic  processes  are  numerous. 
B.  and  L.  oc.  10,  Zeiss  2  mm.  1.30  apochrom.  obj. 

Fig.  13.  Section  through  the  mid-oesophageal  mesenchyme  of  a 30  mm.  dogfish 
embryo;  b  en,  basement  membrane  of  endoderm.  Just  outside  this  basement 
membrane  is  a  thick  layer  of  mesenchymal  syncytium  made  up  of  stellate  cells 
joined  by  wide  protoplasmic  anastomoses.  At  mu,  some  of  the  mesenchymal  nu- 
clei are  elongating  to  form  muscle  nuclei;  mf,  developing  myofibrilla.  Sublimate- 
acetic,  iron-hsematoxylin.    B.  and  L.  oc.  10,  Zeiss  2  mm.  1.30  apochrom.  obj. 
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Fig.  7.  Cross-section  of  a  dogfish  embryo  5.5  mm.  in  length,  at  the  upper  oesoph- 
agus. The  myotome  has  grown  dorsal  to  the  endodermal  tube,  en.  The  rest  of 
the  mesoderm  is  represented  by  the  double  layer  of  mesothelium.  The  coelom  is 
only  a  narrow  slit  between  the  two  layers  of  mesothelium.  Zenker's  fluid,  iron- 
hsBmatoxylin.    B.  and  L.  oc.  10,  obj.  16  mm. 

Fig.  8.  Through  mid-oesophagus  of  a  5.5  nmi.  dogfish  embryo.  The  mesoderm 
s  similar  to  that  of  the  upper  oesophagus  shown  in  fig.  7.  The  blood  vessels  are 
growing  in,  so  there  is  considerable  endothelium  present,  et.  B.  and  L.  oc.  10, 
obj.  16  mm. 

Fig.  9.  A  high  power  drawing  of  area  X  in  fig.  8.  The  drawing  extends  from 
the  basement  membrane  of  the  endoderm,  b  en,  to  that  of  the  ectoderm,  b  ec* 
The  middle  germ  layer  here  is  represented  by  the  two  layers  of  mesothelium  and 
the  endothelium  of  the  blood  vessels.  No  mesenchyme  has  formed  in  the  region. 
B.  and  L.  oc.  10,  Zeiss  2  mm.  1.30  apochrom.  obj. 

Fig.  10.  A  section  through  mid-oesophagus  of  a  10  mm.  dogfish  embryo.  The 
endodermal  tube  is  suspended  by  a  double  layer  of  mesothelium.  A  is  a  mesen- 
chyme cell  differentiating  from  the  splanchnopleure.  Considerable  mesenchyme 
has  formed  between  the  somatic  mesothelium  and  the  body-wall  and  also  around 
the  myotome.  The  muscle  plate  is  well  removed  from  the  oesophagus,  h,  heart; 
c,  coelomic  cavity;  ao,  aorta.  Zenker's  fluid,  iron-hsBmatoxylin.  B.  and  L.  oc. 
10,  obj.  16  mm. 

Fig.  11.  Section  through  the  splanchnic  mesothelium  and  developing  mesen- 
ch3rme  of  a  10  mm.  dogfish  embryo  near  the  region  shown  in  fig.  10.  At  mc  are 
mesenchyme  cells  which  are  being  formed  from  the  mesothelium.  B.  and  L.  oc. 
10,  Zeiss  2  mm.  1.30  apochrom.  obj. 

Fig.  12.  Cross-section  through  the  mid-oesophagus  of  a  25  mm.  dogfish  embryo. 
The  oesophagus  is  suspended  in  the  coelomic  cavity  well  separated  from  the  other 
organs.  Here  an  amount  of  mesenchyme  has  formed  between  the  mesothelium 
and  the  endoderm.  The  mesenchyme  forms  a  syncytium.  The  cells  are  stellate 
with  round  or  oval  nuclei.  Sublimate-acetic,  iron-hsematoxylin.  B.  and  L.  oc. 
5,  obj .  6  mm. 

Fig.  14.  Section  through  the  circular  muscle  layer  of  the  mid-oesophagus  of  a 
60  mm.  dogfish.  Shows  various  stages  in  the  differentiation  of  the  myofibrills. 
Cytoplasm  forms  a  complete  syncytium.  At  the  margins,  the  embryonal  connec- 
tive tissue  is  differentiating  into  muscle.  Sublimate-acetic,  iron-hsematoxylin. 
B.  and  L.  oc.  10,  Zeiss  2  mm.  1.30  apochrom.  obj. 
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Fig.  15.  Cross-section  through  the  oesophagus  and  surrounding  tissue  of  a  7 
mm.  pig.  embryo.  Note  the  condensed  mesenchymal  syncytium  with  a  few  of 
the  nuclei  concentrically  arranged,  h  v,  blood  vessel;  ir,  trachea;  oes,  oesophagus. 
Zenker's  fluid,  iron-haematoxylin.    Zeiss  oc.  4,  obj.  D. 

Fio.  16.  Section  through  a  portion  of  the  CBSophagus  of  a  10  mm.  pig  embryo. 
This  shows  the  condensation  of  the  cytoplasm  and  elongation  of  mesenchymal  nu- 
clei to  form  the  circular  muscle  coat,  g  mf,  coarse  cytoplasmic  granules  arranging 
in  rows,  the  first  indication  of  the  coarse  myofibrillse.  mil,  shows  mitosis  in  the 
muscle-forming  tissue.  Zenker's  fluid,  iron-haematoxylin.  Zeiss  comp.  oc.  8,  2 
mm.  1.30  apochrom.  obj. 

Fig.  18.  Small  portion  of  the  muscle  syncytium  from  the  oesophagus  of  a  13 
mm.  pig  embryo  showing  the  origin  of  the  coarse  myofibrillae  from  the  granular 
reticulum,  gmfy  is  a  mass  of  coarse  chromatic  (?)  granules;  at  sp  mf,  the  granules 
have  almost  completely  fused  to  form  a  homogeneous,  spindle-shaped  mass,  a 
shows  a  granular  strand  connecting  this  spindle  with  another  smaller  one.  6  is 
a  myofibrilla  arising  in  part  in  the  protoplasm  of  an  interstitial  connective  tissue 
cell.  Zenker's  fluid,  iron-haematoxylin.  Zeiss  comp.  oc.  12,  2  mm.  1.30  apochrom. 
obj. 

Fig.  19.  A  nucleus  from  muscle-forming  tissue  in  the  oesophagus  of  a  13  mn^. 
pig,  in  prophase  of  mitosis.  It  shows  the  large  deeply  staining  chromosomes. 
Zeiss  comp.  oc.  8,  2  mm.  1.30  apochrom.  obj. 

Fig.  20.  A  nucleus  from  the  same  section  as  that  shown  in  fig.  19,  undergoing 
mitosis.  A  large  amount  of  chromatin  (p  cr)  apparently  has  not  entered  the  spindle 
but  remains  outside  in  the  cytoplasm.  Zeiss  comp.  oc.  8,  2  mm.  1.30  apochrom. 
obj. 

Fig.  21.  From  the  same  region  asfig.  20.  This  shows  the  formation  of  a  coarse 
myofibrilla  by  the  union  of  spindles  near  several  nuclei.  This  gives  the  varicose 
appearance.    Zeiss  6omp.  oc.  12,  2  mm.  1.30  apochrom.  obj. 

Fig.  23.  Two  mitotic  nuclei  from  the  region  of  muscle  formation  in  the  oesopha- 
gus of  a  13  mm.  pig  embryo.  Nucleus  a  is  in  prophase  and  shows  a  large  amount 
of  chromatin.  Nucleus  b  is  in  telophase.  Many  chromatic  granules  are  apparently 
left  in  the  cytoplasm.  Zenker's  fluid,  iron-hsematoxylin.  Zeiss  comp.  oc.  8, 2  mm, 
1.30  apochrom.  obj. 

Fig.  24.  Muscle  tissue  from  the  oesophagus  of  a  13  mm.  pig  embryo.  The  coarse 
myofibrilla  at  8  mf  is  beginning  to  show  cross  striations.  Zenker's  fluid,  iron- 
hsematoxylin.    Zeiss  comp.  oc.  8,  2  mm.  1.30  aprochrom.  obj. 
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Fig.  17.  Through  a  portion  of  the  wall  of  the  OBsophagus  of  a  16  mm.  pig  embryo 
near  bifurcation  of  trachea  to  show  area  of  cross-striated  muscle  formation.  Cyto- 
plasmic syncytium  everywhere  present.  The  myofibrillaB  show  in  various  stages  of 
development,  p  cr,  chromatic  (?)  granules  free  in  the  protoplasm.  The  coarse 
myofibrilla,  c  m/,  ran  over  one-half  way  around  the  oesophagus.  Many  of  the  fine 
fibrils  visible  in  the  mesenchyme  are  collagenous  fibrils  which  can  be  different- 
iated with  Mallory's  anilin  blue  connective  tissue  stain.  Zenker's  fluid,  iron- 
hsematoxylin.    Zeiss  comp.  oc.  12,  2  mm.  1.30  apochrom.  obj. 

Fig.  22.  The  muscle  syncytium  from  the  mid-oesophagus  of  a  16  mm.  pig  em- 
bryo. The  large  amount  of  chromatin  (?)  in  the  protoplasmic  syncytium  is  notice- 
able,  -per.  The  muscle  nuclei  stain  very  intensely.  Zenker's  fluid,  iron-hsemat- 
oxylin.    B.  and  L.  oc.  10,  Zeiss  2  mm.  1.30  apochrom.  obj. 

Fig.  26.  A  section  through  the  inner  part  of  the  circular  muscle  layer  of  a  27 
mm.  pig  oesophagus.  This  section  shows  a  number  of  stages  in  the  formation  of 
myofibrillae.  The  oldest  fibrillae  are  cross-striated,  s  mf,  c  m/  is  a  coarse  myofi- 
brilla only  in  part  striated.  /  m/  are  fine  fibrillse  just  arising.  In  the  adjacent 
embryonal  connective  tissue  numerous  cells  are  elongating  to  form  muscle. 
With  Mallory's  anilin  blue  connective  tissue  stain,  these  cells  are  found  to  contain 
both  myofibrillse  and  collagenous  fibrils.  Cap  is  a  capillary.  Zeiss  comp.  oc.  8, 
2  mm.  1.30  apochrom.  obj. 
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BOOK  REVIEW 

A  Text-Book  of  Anatomy.    Edited  by  D.  J.  Cunningham,  F.R.S. 
Third  Edition,  1909.     New  York:  William  Wood  and  Company. 

The  revision  of  the  third  edition  of  Cunningham's  Text-Book  of 
Anatomy  was  the  last  labor  of  its  distinguished  editor.  The  style  and 
plan  of  the  third  edition  remain  the  same  as  in  previous  editions.  The 
sections  on  Osteology  and  Myology  have  been  largely  rewritten  and  the 
descriptive  matter  altered  to  conform  to  the  BNA  terminology  and  much 
has  been  gained  thereby  in  clearness  of  style  and  conciseness  of  expres- 
sion. It  is  to  be  hoped  that  the  remaining  sections  of  the  book  will 
undergo  revision  in  the  near  future  and  the  use  of  the  BNA  nomen- 
clature consistently  followed. 

The  number  of  pages  in  the  section  on  Osteology  remain  the  same 
as  in  the  second  edition,  with  thirty-four  additional  illustrations.  In 
the  description  of  the  bones  of  the  extremities  new  drawings  are  intro- 
duced, delineating  in  color  the  origin  and  insertion  of  the  muscles.  The 
bones  entering  into  the  construction  of  the  skull  as  a  whole,  and  in 
different  planes  of  section  viewed  from  various  aspects,  have  been  dif- 
ferentiated in  this  manner.  Color  likewise  has  been  used  to  distin- 
guish the  articular  surfaces  of  the  bones  of  the  hand  and  foot.  There 
are  several  new  radiographs  of  the  foetal  hand  and  foot. 

Appended  to  the  section  on  Osteology  are  six  short  but  comprehensive 
accounts  of:  (A)  Architecture  of  the  bones  of  the  skeleton;  (B)  Varia- 
tions of  the  skeleton;  (C)  Serial  homology  of  the  vertebrse;  (D)  Measure- 
ments and  indices  employed  in  physical  anthropology;  (E)  Develop- 
ment of  the  chondrocranium  and  morphology  of  the  skull;  (F)  Mor- 
phology of  the  limbs. 

The  number  of  pages  in  the  section  on  Myology  are  slightly  increased 
and  the  new  drawings  are  excellently  executed.  Many  of  these  in  their 
handling  and  representation  show  the  influence  of  Spalteholz's  Atlas. 
Of  the  drawings  of  the  sole  of  the  foot,  three  are  taken  from  the  left  side 
and  one  from  the  right.  Further,  figures  294  and  301  are  placed  on  the 
page  with  the  digital  extremities  away  from  the  observer,  while  figures 
303  and  304  have  a  reversed  position.  The  same  discrepancy  exists  in  the 
representation  of  the  palmar  aspect  of  the  hand.  The  figures  do  not 
show  clearly  the  manner  of  insertion  of  the  flexor  tendons  and  their 
disposition  after  entering  the  flexor  sheaths. 

A  "Glossary  of  Anatomical  Terminology"  is  prefaced  to  the  introduc- 
tion, giving  a  short  historical  account  of  the  Basle  Nomina  Anatomica. 

Henry  W.  Stiles. 


Digitized  by 


Google 


PRELIMINARY  PROGRAMME 

Of  the  II.  International  Anatomical  Congress, 
Brussels,  August  7-11,  1910. 

SUNDAY,   august  7 

4:30  p.m.  Session  of  the  committee,  consisting  of  the  presidents  and 
secretaries  of  the  five  united  societies,  and  also  the  president  and 
secretary  of  the  local  committee,  to  be  held  in  the  Anatomical 
Laboratory,  Park  Leopold:  entrances  rue  Belliard  and  rue  du  Wal- 
beck. 

8 :30  p.m.    Welcome  in  a  place  to  be  announced. 

MONDAY,  8th;  THURSDAY,   11th. 

Mommgs,  from  9  to  1.    Sessions. 

Afternoons,  from  3  to  6.    Demonstrations. 

The  scientific  sessions  will  take  place  in  the  auditorium  of  the  Physi- 
cal Institute  of  the  University,  14  rue  des  Sols. 

The  demonstrations  will  be  held  in  the  Physical  Institute,  Park 
Leopold. 

The  local  committee  consists  of  Messrs.  Rommelaere,  president  of 
the  Administrative  Council  of  the  University;  Paul  Ererra,  Rector  of 
the  University,  and  Raoul  Warocque,  the  founder  of  the  Anatomical 
Institute,  as  honorary  president.  Professor  Brachet  as  president,  and 
Professor  Joris  as  vice  president. 

Committee  on  Lodgings :   Dr.  Brunin,  Chef  des  travaux  (Anatomie) . 

Information  concerning  anatomy,  comparative  anatomy,  and  em- 
bryology may  be  obtained  from  Professor  Brachet,  rue  Sneessens  18;  for 
histology.  Professor  Joris,  rue  de  President  73. 

A  banquet  is  proposed  for  Wednesday,  August  10. 
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SYMPOSIUM  ON  COMPARATIVE  NEUROLOGY^ 

1.    THE  PHYLOGENETIC  ORIGIN  OF  THE  NERVOUS 

SYSTEM 

G.  H.  PARKER 

Harvard  University 

The  highly  differentiated  nervous  system,  such  as  is  f oimd  in  the 
vertebrates  and  other  higher  metazoans,  is  described  as  composed 
for  the  most  part  of  many  inter-related  reflex  arcs.  Each  of 
these  arcs  involves  at  least  three  parts:  a  sense  organ  or  receptor 
which  receives  the  external  stimulus  and  originates  the  nervous 
impulse;  a  central  nervous  organ  or  adjustor  in  which  the  impulse 
may  be  variously  modified  and  directed;  and  a  muscle,  gland,  or 
other  effector  by  which  the  animal  responds  to  the  external  stimu- 
lus. Nerve  fibers  connect,  of  course,  the  receptor  with  the  central 
apparatus  and  the  latter  with  the  effector.  At  least  two  classes 
of  neurones  are  concerned  in  this  mechanism,  one  afferent  or  sen- 
sory and  the  other  efferent  and  usually  motor.  The  sensory  neu- 
rone is  modified  at  its  peripheral  end  to  form  the  receptor  and  its 
nerve  fiber  extends  as  a  rule  to  the  central  organ  in  which  it  rami- 
fies; its  cell-body  may  occupy  a  peripheral  position  even  forming 
an  essential  part  of  a  sense  organ  as  in  many  invertebrates  and  in 
the  olfactory  organ  of  vertebrates,  or  it  may  be  nearly  central  in 
location  as  in  the  spinal  ganglia  of  the  vertebrates.  The  motor 
neurone  has  its  cell-body  within  the  central  organ  and  its  fiber  as 
an  efferent  fiber  extends  to  a  muscle  where  it  terminates.  Besides 
these  two  classes  of  neurones,  afferent  and  efferent,  the  central 
organs  usually  contain  a  vast  congregation  of  correlation  neurones 
which  in  one  way  or  another  intervene  between  those  already  men- 
tioned. 

^Presented  at  the  twenty-fifth  session  of  the  American  Association  of  Anato- 
mists, Boston,  December,  1909. 
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Such  a  nervous  system  as  the  one  just  described  is  found  in  the 
vertebrates,  moUusks,  anthropods,  worms,  and  other  higher  meta- 
zoans,  but  is  only  feebly  represented,  if  in  fact  it  can  be  said  to  be 
represented  at  all,  in  the  echinoderms,  ctenophores,  and  coelenter- 
ates.  The  part  that  is  least  developed  in  these  lower  animals  is 
the  central  organ,  and,  though  this  part  cannot  always  be  said  to 
be  absolutely  unrepresented,  it  is  so  deficient,  especially  in  the 
coelenterates,  as  to  have  led  to  the  designation  of  their  nervous 
apparatus  as  diffuse  rather  than  centralized.  The  so-called  diffuse 
nervous  system  of  these  animals  is  the  simplest  nervous  system 
with  which  we  are  acquainted,  for,  notwithstanding  repeated 
efforts,  no  true  nervous  structure  has  ever  been  demonstrated  in 
those  metazoans  which,  like  the  sponges,  are  more  primitive  than 
the  coelenterates.  If,  therefore,  the  beginnings  of  the  nervous  sys- 
tem are  to  be  sought  for,  attention  must  be  directed  to  the  coelen- 
terates. 

The  coelenterate  body  is  composed  chiefly  of  two  specialized 
epithelial  layers,  ectoderm  and  entoderm,  each  of  which  contains 
both  nervous  and  muscular  elements.  The  nervous  elements  are 
epethelial  sense-cells  whose  receptive  ends  are  at  the  periphery  of 
the  layer  in  which  they  are  contained  and  whose  nervous  ends  form 
a  system  of  extremely  fine  interlacing  branches  many  of  which  are 
probably  directly*  connected  with  the  deep-seated  muscle-cells. 
The  fine  branches  from  many  neighboring  sense-cells  establish 
what  is  probably  a  true  nervous  net  by  which  transmission  is 
accomplished  not  only  to  the  subjacent  muscle-cells  but  to  those 
some  distance  away.  Here  and  there  this  net  contains  conspicu- 
ous, multipolar  cells  which  contribute  fibrils  to  it  and  which  for 
this  reason  are  believed  to  be  nervous.  It  is  with  the  origin  of  this 
relatively  simple  neuromuscular  mechanism  that  we  are  concerned. 

In  1872  Kleinenberg  announced  the  discovery  in  the  fresh-water 
hydra  of  what  he  designated  as  the  neuromuscular  cell.  The  per- 
ipheral end  of  this  cell  was  situated  on  the  exposed  surface  of  the 
epithelium  of  which  it  was  a  part  and  was  believed  to  act  as  a  ner- 
vous receptor;  the  deep  end  was  drawn  out  into  a  muscular  process 
and  served  as  an  effector  to  which  transmission  was  supposed  to  be 
accomplished  through  the  body  of  the  cell.    Each  such  cell  was 
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regarded  as  a  complete  and  independent  neuromuscular  mechan- 
ism, and  the  movements  of  an  animal  provided  with  these  cells 
were  believed  to  depend  upon  the  simultaneous  stimulation  of 
many  such  elements.  It  was  Kleinenberg's  opinion  that  these 
neuromuscular  cells  divided  and  thus  gave  rise  to  the  nerve-cells 
and  muscle-cells  of  the  higher  animals.  In  fact  he  declared  that 
the  nervous  and  muscular  systems  of  these  animals  were  thus  to  be 
traced  back  to  the  single  type  of  cell,  the  neuromuscular  cell,  which 
morphologically  and  physiologically  represented  the  beginnings  of 
both. 

Some  years  later,  in  1878,  the  Hertwigs  published  an  account  of 
the  minute  structure  of  the  coelenterate  nervous  system  and 
showed  thatKleinenberg's  so-called  neuromuscular  cells  were  prob- 
ably merely  muscle-cells  in  process  of  differentiation.  They  con- 
sequently proposed  for  these  cells  the  more  appropriate  name  of 
epithelio-muscle  cell.  They  also  claimed  that  in  the  evolution  of 
the  neuromuscular  mechanism  in  coelenterates  the  three  types  of 
cells  that  they  had  identified,  the  sense-cells,  ganglion-cells,  and 
muscle-cells,  were  simultaneously  differentiated  from  ordinary 
epithelial  cells.  Thus  these  three  elements,  though  regarded  as 
derived  from  a  common  layer,  were,  according  to  the  Hertwigs,  not 
the  descendents  of  any  single  type  of  cell  such  as  the  neuromuscu- 
lar cell. 

Although  Kleinenberg's  theory  and  the  theory  of  the  Hertwigs 
differ  in  certain  important  details,  they  agree  in  declaring  for  the 
simultaneous  and  interrelated  evolution  of  nerve  and  muscle.  As 
contrasted  with  this  view  is  the  hypothesis  that  was  first  advocated 
by  Claus  and  later  by  Chun  that  the  two  types  of  tissue  arose  inde- 
pendently and  became  secondarily  united.  In  1880  Chun  called 
attention  to  the  fact  that  in  vertebrates  the  motor  nerve-fibers 
grow  out  of  the  medullary  tube  and  become  connected  with  the 
muscles  secondarily  and  he  regarded  this  as  evidence  that  nerve 
and  muscle  had  arisen  in  phylogeny  independently  and  had  become 
secondarily  united.  But  the  majority  of  investigators  have  sided 
with  the  opinion  expressed  by  Samassa  (1892)  that  a  nervous  sys- 
tem purely  receptive  in  function  and  without  effectors  of  any  kind 
is  practically  inconceivable.  Hence  the  hypothesis  of  Claus  and 
Chun  has  been  generally  regarded  as  untenable. 
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The  current  opinion  among  investigators  as  to  the  evolution  of 
the  nervous  system  of  primitive  metazoans  remains  essentially  that 
of  the  Hertwigs,  namely  that  nerve  and  muscle  have  been  differen- 
tiated simultaneously  and  in  close  physiological  interrelation  but 
from  cells  which  were  separate  members  of  an  epithelium.  To 
this  view  I  wish  to  oflfer  certain  opposing  facts  obtained  from  a 
study  of  sponges.  It  has  already  been  stated  that  no  nervous 
structures  have  been  definitely  identified  in  the  sponge,  nor  is 
there,  so  far  as  I  am  aware,  any  physiological  reason  to  suppose 
that  such  exist.  Nevertheless  these  animals  are  capable  of  some 
movements  and  their  movements  are  so  related  to  changes  in  the 
environment  as  to  be  classed  as  normal  reactions.  Under  this  head 
may  be  placed  the  closing  and  opening  of  the  oscula  and  of  the 
pores,  and  certain  general  movements  of  the  whole  body  of  the 
sponge.  The  closing  of  the  oscula  and  of  the  pores  is  carried  out 
by  sphincters  composed  of  spindle-shaped  cells  which  in  many 
respects  resemble  smooth  muscle-fibers.  These  cells  are  unpro- 
vided with  nerves  and  are  brought  into  action,  so  far  as  I  have  been 
able  to  ascertain,  by  direct  stimulation.  I  therefore  believe  them 
to  be  independent  effectors  and  that  the  sponge  is  an  example  of 
an  animal  that  possesses  muscle  but  no  nerve.  If,  as  seems  prob- 
able, muscle  without  nerve  exists  in  these  primitive  metazoans,  it 
follows  that  we  are  no  longer  justified  in  concluding  that  nerve  and 
muscle  have  differentiated  simultaneously,  but  it  must  be  admit- 
ted that  muscle  is  phylogenetically  the  older.  I  therefore  believe 
that  the  beginning  of  the  neuromuscular  mechanism  is  to  be  found 
in  the  appearance  of  independent  effectors  such  as  muscles  and 
that  sponges  probably  represent  this  initial  stage  in  the  evolution 
of  the  mechanism  concerned.  Some  physiologists  may  be  inclined 
to  question  the  actual  occurrence  of  normally  independent  effect- 
ors, but  the  heart  of  Salpa,  and  that  of  the  chick  embryo  before  it 
becomes  invaded  by  nervous  tissue  are  examples  of  this  kind,  and 
it  is  now  well  known  that  though  the  sphincter  pupillae  of  the  ver- 
tebrate eye  is  under  the  control  of  nerves,  it  also  responds  directly 
to  light.  These  instances  seem  to  me  a  sufficient  warrant  for  a 
belief  in  the  existence  of  independent  effectors. 

Although  the  sphincters  of  sponges  are  effectors  without  nerves, 
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they  are  good  examples  of  the  kmd  of  centers  around  which  nerv- 
ous tissue  probably  first  arose.  This  development  can  be  con- 
ceived to  have  occurred  in  the  epithelial  cells  in  the  immediate 
proximity  to  such  a  center,  in  that  these  cells  gradually  assumed  a 
special  receptive  function  whereby  they  could  stimulate  the  adja- 
cent muscle  more  efficiently  than  it  could  be  stimulated  directly 
and  thus  an  ordinary  epithelial  cell  would  gradually  be  converted 
into  a  receptive  or  sense-cell.  From  this  standpoint  the  original 
function  of  the  sense-cell  was  merely  that  of  a  delicate  trigger  by 
which  the  muscle  would  be  more  certainly  and  efficiently  brought 
into  action  than  through  its  own  receptive  capacity  and  many 
sense-cells  in  the  lower  metazoans  probably  still  retain  this  as  their 
sole  function.  Such  cells  occur  abundantly  in  the  coelenterates 
and  hence  I  regard  the  sense-cell  as  the  first  type  of  nervous  tissue 
to  be  differentiated.  Since  sense-cells  and  muscle-cells  make  up 
the  chief  part  of  the  neuromuscular  apparatus  of  coelenterates,  I 
have  designated  this  apparatus  as  a  receptor-effector  system. 

But  coelenterates  usually  show  more  than  a  simple  receptor- 
effector  system,  for  the  fine  branches  from  their  sense-cells  not  only 
reach  their  muscle-cells  but  also  anastomose  with  one  another  and 
form  a  nervous  net.  Such  a  net  is  the  first  step  toward  the  forma- 
tion of  a  central  nervous  organ  or  adjustor  and  its  origin  in  relation 
to  the  sense-cells  and  the  muscle-cells  is  probably  so  strictly  local 
that  it  practically  realizes  Hensen'sview  as  to  the  histogenetic  rela- 
tions of  nerve  and  muscle,  namely  that  these  elements  are  not 
developed  separately  and  brought  into  connection  secondarily,  but 
that  their  connections  are  original  and  give  evidence  of  the  incom- 
pleteness of  cell  division  in  the  course  of  ontogeny.  Such  nets 
serve  as  more  or  less  diffuse  transmitters  and  are  supplemented  by 
the  fibrils  from  certain  contained  cells,  the  so-called  ganglion  cells, 
which  have  migrated  into  the  net  and  which  probably  mark  the 
first  step  in  the  growth  of  those  accumulations  of  cell-bodies  that 
characterize  the  central  nervous  organs  of  the  higher  animals. 

If  this  view  as  to  the  mode  of  origin  of  the  central  nervous  organs 
is  correct,  it  follows  that  these  organs  myst  be  controlled  in  their 
incipiency  by  the  sense  organs.  In  such  coelenterates  as  sea 
anemones  where  the  sensory  specialization  is  slight,  there  is  scarcely 
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any  evidence  of  centralization  in  the  nervous  net,  but  in  jelly  fishes 
where  the  sense  organs  are  specialized  and  in  groups,  each  group 
has  associated  with  it  a  region  of  special  development,  an  incipient 
central  organ  in  the  nervous  net.  In  bilateral  animals  such  as  the 
annelids  and  the  crustaceans,  the  chief  portion  of  the  central  ner- 
vous system,  the  so-called  brain,  is  also  associated  with  a  group  of 
sense  organs  and  these  organs,  essential  to  the  anterior  end  of 
any  animal  that  moves  forward,  determine,  in  my  opinion,  the 
position  of  the  brain  rather  than  the  reverse.  Even  in  the  verte- 
brates where  the  brain  arises  to  a  dignity  not  attained  by  any  other 
nervous  organ,  its  anterior  position  has  been  determined,  I  believe, 
by  the  location  of  the  sense  organs  rather  than  that  the  sense 
organs  are  at  the  anterior  end  because  the  brain  is  there. 

But  although  the  central  nervous  organs  have  probably  devel- 
oped from  a  nervous  net  under  the  influence  of  the  sense  organs, 
they  have  taken  in  their  later  evolution  a  course  more  or  less  their 
own.  Even  the  nervous  net,  which,  in  my  opinion,  unquestion- 
ably exists  in  the  lower  metazoans,  has  been  denied  in  the  central 
nervous  organs  of  the  higher  animals.  But  it  is  not  impossible 
that  in  these  more  specialized  forms  a  nervous  net  may  have  a  local 
existence.  Evidence  that  nervous  nets  do  not  exist  in  certain 
parts  of  the  vertebrate  nervous  system  does  not  prove  that  they 
may  not  occur  in  other  parts  of  this  system.  In  the  myenteric 
plexus  of  the  vertebrate  intestine  the  relations  of  nerve  and  mus- 
cle are  such  as  to  recall  most  strikingly  the  conditions  already  por- 
trayed in  the  nervous  net  and  muscles  of  the  coelenterates  and  it  is 
possible  that  nervous  transmission  in  these  animals  follows  the  same 
rules  that  it  does  in  the  vertebrate  intestine.  In  the  vertebrate 
retina,  too,  the  histological  evidence  is  strongly  in  favor  of  a  nerv- 
ous net  and  the  fact  that  the  cells  of  the  retina  are  members  of  the 
same  epithelial  layer  and  may  therefore  always  have  retained  pri- 
mary connections,  suggests  a  fundamental  similarity  with  the  con- 
ditions in  the  coelenterates.  Thus  there  are  localities  in  the  nerv- 
ous systems  of  even  the  most  highly  differentiated  animals  where 
these  most  primitive  of  central  structures,  the  nervous  nets,  very 
probably  occur.  But  to  claim  on  the  basis  of  these  instances 
that  the  whole  central  nervous  system  of  the  vertebrate  is  con- 
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structed  on  the  plan  of  a  nervous  net  would  be  going  far  beyond 
the  facts. 

It  is  well  established  that  in  the  histogenesis  of  the  central  nerv- 
ous organs  of  the  higher  animals,  many  cells  that  are  ultimately 
in  most  intimate  physiological  relations,  are  in  their  early  stages 
of  development  far  asunder  and  that  they  attain  to  their  final  close 
relations  by  throwing  out  processes  that  grow  toward  one  another. 
It  is  probable  that  these  processes  never  really  unite  into  continu- 
ous transmitting  tracts  but  retain  at  least  a  certain  physiological 
separateness,  for  in  such  parts  of  the  central  organ  where  these 
relations  occur,  transmission  is  not  diffuse,  as  in  the  nervous  net, 
but  is  limited  to  a  single  directon.  Central  nervous  systems  hav- 
ing these  peculiarities  have  been  called  synaptic  because  the  con- 
tact points  between  their  cells,  the  synapses,  are  believed  to  be  the 
parts  that  in  some  way  govern  the  direction  of  transmission.  This 
synaptic  system  has  in  the  higher  animals  replaced  to  a  consider- 
able extent  the  more  primitive  nervous  net  and  though  this  nerv- 
ous net  may  still  exist  in  some  parts  of  the  central  nervous  appara- 
tus of  such  animals  as  the  vertebrates,  it  is  not  the  structure  that 
gives  to  these  organs  their  distinguishing  characteristic.  In  these 
organs  the  fully  differentiated  nerve-cell  or  neurone  with  its  synap- 
tic connections  is  the  characteristic  structural  unit  of  the  system. 
Combinations  of  such  imits  make  up  large  parts  of  the  central  nerv- 
ous organs  of  the  higher  animals  and  possess  apparently  physiolog- 
ical possibilities  of  a  vastly  higher  order  than  can  be  found  in  the 
more  primitive  nervous  nets;  they  have  thus  afforded  the  struc- 
tural basis  for  the  nervous  activities  of  all  the  higher  animals. 
Although  the  nervous  net  with  its  capacity  for  diffuse  transmission 
was  the  structure  in  which  the  central  nervous  system  took  its 
origin,  I  nevertheless  believe  that  this  system  early  underwent  fun- 
damental changes  whereby  synaptic  neurones  with  transmission 
in  restricted  directions  replaced  in  large  part  the  more  primitive 
system  of  diffuse  nervous  nets. 

The  facts  briefly  stated  in  the  preceding  paragraphs  justify  the 
conclusion,  I  believe,  that  muscular  tissue  and  nervous  tissue  have 
not  arisen  at  the  same  time  phylogenetically,  but  that  muscle  in 
the  form  of  independent  effectors  preceded  nerve  in  its  develop- 
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ment  and  that  nervous  tissue  differentiated  in  close  proximity  to 
muscle  tissue  as  groups  of  sense-cells  or  receptors.  Still  later  cen- 
tral nervous  organs  developed  between  the  receptors  and  the 
effectors,  first  as  clusters  of  nerve  or  ganglion  cells  which  added  to 
the  nervous  nets  and  later  as  aggregates  of  synaptic  neurones 
from  which  were  formed  the  more  complex  nervous  organs  of  the 
higher  anmals.  Thus  the  three  parts  of  the  dijBferentiated  neuro- 
muscular system  of  the  higher  animals  have,  in  my  opinion,  devel- 
oped in  sequence:  first,  the  muscle  or  effector;  next,  the  sense- 
organ  or  receptor;  and  last,  the  central  organ  or  adjustor. 
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2.    THE  RELATIONS  OF  THE  CENTRAL  AND  PERIPH- 
ERAL  NERVOUS  SYSTEMS  IN  PHYLOGENY 

C.  JUDSON  HERRICK 

University  of  Chicago 
WITH  TWO  TEXT  FIGURES 

The  fundamental  factors  in  the  diflferentiation  of  nervous  and 
non-nervous  tissues  have  been  clelarly  presented  by  Dr.  Parker, 
whose  researches  have  the  great  and  rare  merit  of  combining  both 
anatomical  and  physiological  view-points  and  methods. 

I  commented  yesterday*  upon  the  striking  parallelism  between 
the  series  of  animals  when  arranged  according  to  structure  by  the 
comparative  anatomists  and  the  series  when  arranged  according 
to  functional  type  by  students  of  animal  behavior,  and  I  pointed 
out  that  the  ventral  segmented  ladder  type  of  central  nervous 
system,  as  seen  in  annelid  worms  and  arthropods,  naturally  by  vir- 
tue of  its  structure  expresses  itself  in  rigidly  predetermined  or 
stereotyped  instinctive  behavior,  while  the  dorsal  tubular  and 
imperfectly  segmented  nervous  system  of  vertebrates  is  structur- 
ally adapted  to  serve  both  reflexes  and  instincts  as  in  arthropods 
and  also  the  more  plastic  individual  reactions  of  the  intelligent 
type.  The  pre-eminence  of  vertebrates  in  the  ability  to  perform 
individually  acquired  intelligent  acts  not  predetermined  in  the 
hereditary  nervous  pattern  is  due  primarily,  I  maintain,  to  the 
mechanical  advantages  of  the  tubular  nervous  system  as  com- 
pared with  the  ladder  type  of  nervous  system  in  the  elaboration  of 
correlation  tissue,  and  I  wish  now  to  illustrate  this  thesis  some- 
what more  fully  from  the  anatomical  side. 

Let  us  take  as  our  point  of  departure  a  very  simple  metazoan 

'  The  Evolution  of  Intelligence  and  its  Organs.  Address  of  the  vice-president 
and  chairman  of  Section  F,  Zodlogy,  of  the  American  Associatior  for  the  Advance- 
ment of  Science.    Science,  N.  S.,  vol.  31,  No.  784,  pp.  7-18,  Jan.,  1910. 
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body  with  a  differentiated  head  end,  bilateral  symmetry  and  a 
diffuse  or  very  imperfectly  centralized  nervous  system,  such  an 
animal,  say  as  a  tiu'bellarian  worm  (Fig.  1),  which  habitually  creeps 
upon  the  ground.  Within  the  outer  epitheUum  is  a  layer  of  loco- 
motor musculature  (M)  and  a  central  digestive  tract  (G)  and 
between  these  the  other  organs  of  vegetative  life.  Outside  im- 
pressions are  received  chiefly  by  contact  stimuli;  and  the  diffuse 
nervous  system  is  concerned  for  the  most  part  with  these  stimuli 
and  with  internal  or  visceral  reactions.  The  dorsal  epithelium 
(SEN)  alone  is  exposed  to  any  considerable  number  of  stimuli 
from  distant  objects,  such  as  Ught  and  heat  rays,  currents  and 
vibratory  disturbances  in  the  surrounding  medium,  emanations 
of  odorous  particles,  etc.  This  animal  can  respond  to  a  very  small 
number  of  such  stimuli.    If  such  a  species  continues  to  crawl  upon 


SCN. 


Fig.  1 


or  within  the  mud,  after  the  manner  of  the  worm-like  ancestors 
of  the  arthropods,  the  contact  receptors,  especially  those  of  the 
ventral  and  lateral  surfaces,  will  in  the  course  of  evolution  become 
more  highly  developed  and  the  diffuse  nervous  system  is  naturally 
concentrated  into  a  ventral  central  nervous  system  contiguous  to 
these  receptors.  This  vermiform  locomotion  and  the  associated 
transverse  segmentation  have  in  fact  so  firmly  fixed  the  ventral 
ladder  tjrpe  of  nervous  system  in  the  articulate  phylum  that  even 
the  free  swinaming  crustaceans  and  the  insects  depart  but  little 
from  it. 

If,  however,  the  hypothetical  ancestral  species  with  a  diffuse 
nervous  system  assumes  from  the  start  a  free  swimming  habit,  this 
will  tend  to  promote  the  differentiation  of  the  dorsal  distance 
receptors  rather  than  the  ventral  contact  receptors.    That  is,  the 
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stimulation  complex  which  reaches  this  free  swimming  body  will 
contain  a  relatively  smaller  proportion  of  elements  aflfecting  the 
ventral  and  lateral  body  surfaces  by  contact  and  a  larger  propor- 
tion of  elements  emanating  from  distant  objects  and  reaching  the 
dorsal  and  oral  surfaces. 

Not  only  has  such  a  differentiation  of  the  dorsal  epithelium 
undoubtedly  taken  place  in  ancestral  vertebrates,  but  the  primary 
correlation  centers  for  these  receptors  have  also  been  derived  from 
the  same  source,  and  ultimately  the  correlation  centers  for  the 
greater  part  of  the  contact  and  visceral  reactions  came  to  be 
incorporated  with  them,  only  the  peripheral  sympathetic  system 
retaining  the  primary  diffuse  formation. 

Sherrington  has  shown^  that  the  mammahan  cerebral  cortex 
has  been  elaborated  largely  to  serve  the  distance  receptors;  I 
think  that  we  may  carry  the  idea  further  back  and  say  that  the 
entire  vertebrate  central  nervous  system  was  from  its  earliest 
inception  differentiated  away  from  the  anneUd  and  arthropod 
tjrpe  under  the  same  influence. 

A  difference  in  habitual  reaction  to  the  common  environmental 
forces  on  the  part  of  a  primitive  animal  with  a  diffuse  and  undiffer- 
entiated nervous  system  may,  therefore,  be  said  to  have  set  the 
direction  of  two  divergent  lines  of  adaptation,  one  culminating  in 
insects  with  (predominantly)  instinctive  action  systems,  the  other 
culminating  in  primates  characterized  by  individually  adaptive 
and  intelligent  actions.  The  ultimate  explanation  for  this  diver- 
gence goes  back,  as  in  the  case  of  all  other  evolutionary  movements, 
to  differences  in  the  animaUs  reactions  to  the  environment.  Once 
the  structural  pattern  has  been  thus  laid  down  and  fixed  in  the 
hereditary  machinery,  perhaps  by  natural  selection,  the  future 
course  of  evolution  is  in  some  measure  predetermined  by  the 
structural  possibiUties  of  the  organs  so  differentiated.  Thus,  the 
ventral  ladder  type  of  nervous  system  favors  the  differentiation 
of  an  instinctive  type  of  behavior  based  fundamentally  on  segmen- 
tal reflexes,  while  the  dorsal  tubular  type  is  better  adapted  for  the 
development  of  longitudinally  arranged  correlation  tissue  which 

*  The  Tntegrative  Function  of  the  Nervous  System.    New  York,  1906 
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facilitates  total  rather  than  segmental  responses  and  a  higher  de- 
gree of  integration  of  the  whole  system.  Here  I  think  we  have 
clearly  the  machinery  of  a  certain  kind  of  determinate  evolution 
which  contains  no  elements  of  mysticism  but  rests  on  an  intelli- 
gible basis  of  inherited  tjrpe  of  nervous  organization  and  action 
system. 

Herbert  Spencer's  definition  of  life  is  biologically  sound  in  that 
he  makes  the  measure  of  correlation  of  internal  with  external 
forces  the  criterion  of  life.  The  lowly  organism  touches  the  en- 
vironment at  few  points,  receives  but  little  from  it  and  gives  but 
little  back.  With  the  increase  in  the  range  of  this  effective  contact 
with  outer  forces,  the  mechanism  of  internal  regulation  necessar* 
ily  becomes  more  complex.  Thus  we  have  from  the  beginning  of 
dififerentiation  the  somatic  or  exteroceptive  activities  set  over 
against  the  visceral  or  interoceptive. 

This  finds  its  anatomical  expression  in  two  fundamentally  dis- 
tinct types  of  reflex  arcs:  (1)  the  somatic  system,  comprising  the 
peripheral  or  exteroceptive  sense  organs,  somatic  sensory  nerves 
and  cerebral  centers  and  somatic  motor  centers  and  peripheral 
nerves  ending  in  the  skeletal  muscles,  the  whole  system  serving 
those  reactions  which  the  animal  makes  in  response  to  external 
stimuli.  (2)  The  visceral  system,  comprising  the  sense  organs  of 
the  viscera,  termed  interoceptors  by  Sherrington,  the  visceral 
sensory  nerves  and  centers  and  the  visceral  efferent  centers  and 
peripheral  nerves,  terminating  in  visceral  muscles,  glands,  etc. 
The  coordinating  centers  of  the  visceral  system  are  partly  periph- 
eral in  the  sympathetic  ganglia  and  partly  in  the  central  ner- 
vous system;  those  of  the  somatic  system  are  wholly  central. 

In  the  central  nervous  system,  then,  we  find  evidences  more  or 
less  clearly  preserved  of  four  fundamental  longitudinal  colmnns 
on  each  side  of  the  body.  These  are  so  arranged  that  as  one  passes 
from  the  dorsal  toward  the  ventral  side  of  the  neural  tube  in  cross 
section  he  meets  first  the  somatic  sensory  centers,  then  the  visceral 
sensory,  the  visceral  motor  and  the  somatic  motor.  The  relations 
of  the  four  primary  longitudinal  columns  of  the  central  nervous 
system  to  the  dorsal  ectoderm  will  next  be  considered. 

In  all  vertebrate  embryos  we  find  the  dorsal  nervous  tissue  at 
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the  appropriate  stage  in  the  form  shown  m  Fig.  2,  the  mid-dorsal 
epithelium  being  in  process  of  invagination  to  form  the  neural 
tube.  The  figure  is  pinrely  schematic  and  includes  some  features 
which  are  clearly  differentiated  only  in  later  developmental  stages. 
The  somatic  sensory  surface  (exteroceptors  of  Sherrington) 
includes  both  specialiaed  sensilte  (SEN)  and  general  sensory 
endings  widely  distributed  in  and  imder  the  epidermis.  At  the 
Up  of  the  neural  groove  is  the  neural  crest  tissue  (N.C),  from 
which  the  spinal  ganglion  cells  will  arise.  These  receptive  cells 
sometimes,  however,  remain  in  the  outer  epithelium,  either  per- 
manently, as  in  the  olfactory  organ,  or  temporarily,  as  in  the  gan- 


SEN. 


Rg.  2 


glionic  elements  which  are  added  to  the  cranial  nerve  ganglia  from 
the  embryonic  cutaneous  placodes.  In  other  cases  they  are  in- 
corporated in  the  neural  tube,  as  in  the  giant  cells  of.  the  spinal 
cord  of  some  fishes  and  the  retina. 

In  the  walls  of  the  neural  tube  the  dorsal  part  becomes  the  pri- 
mary sensory  centers,  and  separated  from  it  by  a  very  constant 
longitudinal  groove,  the  sulcus  limitans  (S.L.)  the  ventral  part 
becomes  the  primary  motor  centers.  These  are  further  subdivided, 
the  somatic  sensory  centers  (exteroceptors  and  proprioceptors  of 
Sherrington)  lying  dorsally  close  to  the  neural  crest  and  outer 
skin,  the  somatic  motor  far  ventrally  close  to  the  myotomes  and 
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the  visceral  sensory  and  motor  between.  These  four  primary 
functional  columns  can  be  more  or  less  clearly  recognized  on  each 
side  of  the  neural  tube  in  all  vertebrates.  This  arrangement,  while 
very  different  from  that  of  arthropods,  is  per  se  no  better  adapted 
for  higher  psychic  manifestations.  But  in  later  embryonic  stages, 
to  these  primary  centers  there  is  added*  the  correlation  tissue 
of  the  reticular  formation  and  the  suprasegmental  centers;  and 
we  have  the  key  to  the  greater  potentiality  of  the  vertebrate  tjrpe 
in  the  favorable  form  of  the  tubular  nervous  system,  as  contrasted 
with  the  ladder  type,  for  the  elaboration  of  this  tissue. 

The  organs  of  somatic  response  in  vertebrates  are  themselves  so 
very  complex  as  to  require  a  special  coordinating  machinery  of 
their  own,  such  as  muscle  spindles,  sensory  endings  of  tendons, 
joints,  etc.  These,  with  their  cerebral  centers  and  return  pathways, 
are  termed  by  Sherrington  the  proprioceptive  reflex  apparatus. 
It  is  genetically  and  anatomically  subsidiary  to  the  exteroceptive 
system.  Besides  the  sense  organs  within  the  somatic  muscles, 
etc.,  mentioned  above,  this  system  includes  the  organs  of  the 
labyrinth  of  the  internal  ear  and  the  associated  cerebral  centers  of 
equilibration  and  muscular  coordination.  The  cerebellum  has 
been  developed  from  the  somatic  sensory  column  of  the  medulla 
oblongata  as  the  chief  central  coordinating  apparatus  of  the  pro- 
prioceptive system.  The  somatic  system  of  reflex  arcs  is,  accord- 
ingly, divided  into  exteroceptive  and  proprioceptive  systems, 
whose  receptors  and  cerebral  centers  are  distinct,  but  whose 
efferent  pathways  are  the  same — to  the  somatic  muscles  in  both 
cases. 

The  exteroceptors  are  further  subdivided  into  contact  receptors 
(organs  of  touch,  etc.),  and  distance  receptors  (such  as  the  eye 
and  ear)  the  former  being  stimulated  by  objects  at  the  body  sur- 
face, the  latter  by  forces  emanating  from  distant  objects.  Evi- 
dently the  tjrpe  of  reaction  must  necessarily  be  very  different  in 
the  two  cases. 

The  anatomical  structure  of  the  vertebrate  central  nervous 
system  has  been  molded  under  the  influence  of  two  factors  which 
have  often  been  antagonistic.  The  first  of  these  is  the  primary 
bodily  metamerism,  in  accordance  with  which  each  segmental 
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At  the  Baltimore  Meeting  of  the  Anatomists  in  1908,  several 
anatomists  interested  in  the  study  of  human  embryology  decided 
that  it  is  desirable  to  publish  a  list  of  the  human  embryos  found 
in  our  various  laboratories,  in  the  Anatomical  Record.  It  is 
believed  that  this  list  will  be  not  only  of  great  value  to  those  who 
are  conducting  studies  in  the  anatomy  of  the  human  embryo  but 
also  will  encourage  others  to  collect  embryos  and  make  them 
available  for  scientific  research. 

The  list  now  prepared  includes  those  embryos  in  the  principal 
collections,  but  it  is  desirable  to  make  it  as  complete  as  possible. 
Those  who  have  specimens  which  they  wish  to  include  in  this 
catalogue  are  requested  to  send  the  data,  as  indicated  below, 
to  Dr.  F.  P.  Mall,  Johns  Hopkins  University,  Baltimore,  within 
the  next  few  weeks. 

List  of  Human  Embryos  in  the  Collection  of 


No.    of    Embryo 

No.  of  Slides  in  Series 

Crown    Rump    Length 

in  millmeters 

Fresh 

Formalin 

Alcohol 

Clearing  fluid 

On  slide 

Remarks 

(  T.  Transvenie 

Direction  of  Section  ^  s.  sagituu 

[  F.  FroDtal 

Thickness  of  Sections  in  microns 
Stains 

r  E.  Excellent 

Condition  of  tissues  |  ^  ^^ 

I   p.  Poor 
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nerve  tends  to  repeat  exactly  the  same  arrangement  of  components. 
This  is  far  more  evident  in  the  lower  vertebrates  than  in  the  higher, 
though  it  is  never  so  important  a  factor  as  in  the  annelid  worms 
and  most  articulata.  This  factor  is  more  and  more  completely 
obscm'cd  as  we  ascend  the  vertebrate  series  by  the  second  factor, 
viz.,  the  longitudinal  integration  and  correlation  of  the  several 
functional  systems  which  we  have  enumerated  above.  The  more 
highly  developed  functional  systems  tend  to  be  structurally  more 
perfectly  unified  and  concentrated,  and  this  disturbs  both  the 
metameric  and  the  longitudinal  patterns.  Examples  of  this  sort 
of  disturbance  are  found  in  the  tendency  of  all  of  the  cutaneous 
nerves  of  the  head  to  enter  by  the  trigeminus  and  of  the  vagus  to 
absorb  the  visceral  components.  In  the  rostral  end  of  the  brain 
the  development  of  the  massive  suprasegmental  correlation  centers 
disturbs  the  primitive  relations  still  more.  But  the  primary  pat- 
tern as  we  have  outlined  it  is  clearly  evident  in  the  structure  of  the 
medulla  oblongata  (either  adult  or  embryonic)  and  its  nerves  in 
all  vertebrates,  and  the  comparative  morphology  of  this  part  of 
the  nervous  system  may  be  regarded  as  definitely  established  in 
its  main  features.  The  history  of  the  steps  by  which  this  corre- 
lation has  been  effected  would  be  an  interesting  contribution  to 
scientific  method. 

After  the  formulation  of  Bell's  law  of  the  sensory  character  of  the 
dorsal  spinal  roots  and  the  motor  character  of  the  ventral  roots, 
morphologists  were  long  absorbed  in  the  vain  attempt  to  reduce 
the  cerebral  nerves  to  a  similar  simple  segmental  scheme.  Even 
after  Gaskell  and  His  had  laid  the  foundation  for  a  true  morphol- 
ogy of  the  medulla  oblongata  and  its  nerves,  the  deceptive  sim- 
plicity of  the  older  metameric  schemata  still  domhiated  the  field 
and  misled  some  of  our  ablest  anatomists  and  embryologists. 

As  anatomists  we  have  been  slow  to  recognize  the  importance  to 
our  work  of  certain  facts  which  have  long  been  physiologically 
obvious.  It  was  not  until  members  of  our  own  number,  working 
with  anatomical  methods,  brought  out  the  structural  pattern  of 
the  nervous  system  in  some  of  the  lower  vertebrates  where  it 
presents  almost  diagranmiatic  simplicity,  that  we  have  directed 
our  attention  to  them. 
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For  four  hundred  years  the  cranial  nerves  had  been  dissected 
and  for  fifty  years  their  central  courses  had  been  studied  microscop- 
ically before  any  one  succeeded  in  effecting  a  precise  correlation 
of  the  peripheral  with  the  central  courses  by  following  the  nerve 
roots  accurately  through  the  ganghonic  plexuses,  and  thus  making 
an  anatomical  demonstration  of  the  composition  of  the  reflex  arcs 
known  physiologically  to  be  there  represented. 

Acting  under  the  stimulus  of  a  suggestion  made  by  Professor 
H.  F.  Osbom  in  1888,  a  small  group  of  American  neurologists  has 
patiently  unravelled  the  tangled  threads  of  the  cranial  ganglionic 
complexes  in  representative  vertebrates,  and  now  we  are  able  to 
formulate  a  structinral  paradigm  or  t  jrpe  form  of  cerebral  nerve  com- 
ponents for  the  vertebrates  as  a  class.  The  completion  of  the  pic- 
ture by  the  addition  of  f  inrther  anatomical  details,  especially  as  to 
the  corresponding  central  relations,  by  embryological  studies  and 
by  physiological  experimentation  is  rapidly  progressing.  This 
doctrine  of  nerve  components,  though  first  formulated  in  anatomi- 
cal terms,  is  essentially  a  physiological  conception,  defining  the 
peripheral  and  central  pathways  of  the  great  fundamental  types 
of  reflexes,  as  I  have  endeavored  to  show  by  placing  the  emphasis 
on  the  physiological  side  and  by  the  use,  in  this  discussion,  so  far 
as  possible,  of  the  luminous  terminology  of  Sherrington. 

That  the  fimdamental  pattern  of  the  vertebrate  nervous  system, 
as  here  laid  down  in  terms  of  functional  systems,  is  scientifically 
true  is  shown  by  the  essential  harmony  of  the  data  developed,  for 
the  most  part  entirely  independently,  in  the  fields  of  comparative 
anatomy,  physiology  and  embryology.  Conversely  the  most 
recent  and  perhaps  the  most  striking  illustration  of  the  clarifying 
influence  of  these  physiological  units  upon  vexed  morphological 
questions  is  given  by  the  work  of  Landacre  to  be  reported  in  this 
symposium. 

The  whole  ectoderm  of  the  vertebrate  embryo,  particularly  on 
the  dorsal  side,  must  be  regarded  as  potentially  nervous.  Part  of 
this  tissue  is  incorporated  into  the  neural  tube,  a  part  is  used  to 
form  the  neural  crest  and  peripheral  neurones  and  a  part  develops 
sensory  functions  in  situ  peripherally.  The  relations  of  the  periph- 
eral receptive  cells  to  the  parent  ectoderm  are  various.     Prim- 
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itively  these  receptors  were  in  the  epidermis  and  some  retain  this 
position  throughout  the  whole  course  of  the  phylogeny,  as  in  the 
case  of  certain  elements  in  the  skin  of  annelid  worms  and  of  Amphi- 
oxus  and  in  the  vertebrate  olfactory  organ. 

The  general  cutaneous  innervation  in  lower  forms  is  responsive 
to  a  considerable  variety  of  stimuli.  Even  the  human  skin  has 
several  very  different  sensation  qualities  whose  physiological 
analysis  has  proven  very  difficult,  and  it  is  still  uncertain  whether 
all  of  these  qualities  are  served  by  specifically  different  nerve 
fibers  or  whether  the  analysis  is  in  part  central.  The  whole  skin 
is  very  sensitive  to  chemical  stimuli  in  fishes  and  in  man  it  has 
been  shown  that  general  sensory  nerves,  not  belonging  to  the 
gustatory  system,  are  sensitive  to  certain  chemical  stimuli 
wherever  they  distribute  to  moist  surfaces,  as  in  the  mouth  cavity, 
though  special  end-organs,  nerve  components  and  central  stations 
are  differentiated  for  the  more  highly  specialized  chemical  senses, 
taste  and  smell. 

Parker  has  shown  that  the  general  body  surface  of  lower  verte- 
brates is  also  sensitive  to  light.  But  the  great  physiological 
importance  of  distance  receptors  of  this  type  has  led  to  a  con- 
centration of  this  function  in  special  areas  of  ectoderm,  the  optic 
pits,  which  were  involved  in  the  invagination  of  the  neural  tube 
and  finally  again  evaginated  as  the  optic  cups  in  order  to  bring 
the  retinal  surfaces  into  a  peripheral  position  more  favorable  for 
receiving  the  light  rays.  That  the  retina  is  a  modified  somatic 
sensory  receptor  is  confirmed  by  Johnston's  demonstration  of  the 
close  anatomical  relationship  in  lower  vertebrates  of  its  most 
primitive  cerebral  center,  the  tectum  opticum,  with  the  general 
cutaneous  centers.  An  interesting  side  light  is  also  shed  upon  this 
question  by  Whitman's  demonstration  in  1892  (Festschrift  f. 
Leuckhart)  that  in  certain  leeches  sensillse  appear  on  each  segment 
which  in  the  caudal  part  of  the  body  apparently  function  as  organs 
of  touch,  but  as  we  pass  toward  the  head  in  successive  segments, 
they  become  progressively  modified  in  the  direction  of  photore- 
ceptors until  in  the  head  segments  they  are  well  formed  eyes. 
Though  this  is  probably  a  case  of  independent  parallel  differentia- 
tion, and  is  not  ancestral  to  the  vertebrate  visual  organs,  it  assists 
in  the  interpretation  of  the  latter. 
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The  ganglia  of  unspecialized  sensory  components  of  the  periph- 
eral nerves  m  general,  both  visceral  and  somatic,  are  derived 
from  the  neural  crests,  i.  e.,  from  masses  of  ectoderm  at  the  lateral 
borders  of  the  neural  tube  at  the  line  of  its  separation  from  the 
general  ectoderm.  That  this  neinral  crest  tissue  is  intermediate 
in  type  between  the  general  ectoderm  and  the  neural  tube  is  shown 
by  the  fact  already  mentioned,  that  the  ganglion  cells  of  periph- 
eral general  cutaneous  nerves  are  sometimes  enclosed  within 
the  neural  tube  (the  so-called  giant  cells  of  the  spinal  cord  of 
some  fishes)  instead  of  lying  in  the  usual  position  laterally  of  the 
spinal  cord. 

Evidence  is  constantly  accumulating  that  some  if  not  all  of  the 
special  sensory  components  have  been  derived  from  the  unspecial- 
ized visceral  and  somatic  sensory  components.  The  history  of  the 
evolution  of  the  lateral  line  and  auditory  systems  from  the  un- 
specialized somatic  sensory  systems  may  be  regarded  as  demon- 
strated from  the  fields  of  comparative  anatomy,  comparative 
physiologj'^  and  comparative  embryology.  The  history  of  the 
central  diflferentiation  of  the  lateral  Une  lobe  and  tuberculum 
acusticum  from  the  somatic  sensory  colunm  has  been  clearly 
demonstrated  anatomically  by  Johnston;  that  the  lateral  line  and 
auditory  functions  are  closely  related  to  the  general  tactile  sense 
has  been  shown  physiologically  by  Parker;  and  Landacre  is  able 
to  illustrate  in  the  embryological  history  of  fishes  an  interesting 
relation  between  the  neural  crest  and  the  dorso-lateral  series  of 
placodes  in  the  origin  of  the  lateralis  and  acoustic  ganglia. 

A  similar  history  is  presented  in  the  visceral  sensory  system, 
where  the  ganglia  of  the  unspecialized  visceral  nerves  come  from 
the  neural  crest,  while  those  of  the  specialized  gustatory  compon- 
ent come  from  a  special  system  of  cutaneous  placodes. 

The  olfactory  nerve  probably  belongs  to  the  last  tjrpe,  with  this 
difference,  that  its  peripheral  neurones  retain  their  positions  in 
the  placode  instead  of  migrating  inward  to  form  a  ganglion. 
There  are,  however,  some  elements  which  migrate  from  the  olfac- 
tory placode  to  form  a  deep  ganglion  on  the  olfactory  nerve, 
whose  morphology  is  very  obscure.  Some  of  these  migrating  ele- 
ments have  been  shown  by  Brookover  in  Amia  to  form  sheath 
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nuclei  of  the  olfactory  fibers,  others  differentiate  into  the  neurones 
of  the  ganglion  of  the  nervus  tenninalis.  The  character  of 
the  latter  nerve  and  ganglion  demands  further  investigation. 

Thus  we  find  that  each  functional  system  of  nerves  has  its 
peculiar  type  of  development,  peripheral  end-organs,  nerve  com- 
ponents, ganglia  and  central  connections,  and  for  that  the  reflex 
arcs  established  among  these  fimctional  systems  constitute  the 
most  valuable  imits  of  nervous  structmre  and  function.  Segmental 
and  other  gross  subdivisions,  which  have  the  sanctions  of  long  use 
and  practical  convenience,  will  of  course  continue  to  serve  a  useful 
purpose,  but  the  fundamentally  valuable  data  of  neurology  will 
more  and  more  tend  to  be  cast  in  the  molds  of  these  functional 
systems.  This  is  true  because  in  animal  evolution  the  controlling 
fact  has  been  the  adjustment  of  the  body  to  various  environ- 
mental influences  and  the  nervous  system  has  been  the  medium  of 
this  adjustment. 
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3.    THE  ORIGIN  OF  THE  SENSORY  COMPONENTS  OF 
THE  CRANIAL  GANGLIA 

FRANCIS  L.  LANDACRE 
From  Ohio  State  University,  Columbue,  Ohio 

WITH  THREE  FIGURES 

Professor  Herrick  has  set  before  us  clearly  the  principal  con- 
clusions derived  from  the  attempt  to  analyze  from  a  functional 
standpoint  the  cranial  ancj  spinal  nerves,  chiefly  among  the  Ich- 
thyopsida.  The  writer  will  confine  himself  to  the  inquiry  as  to 
what  support  these  conclusions  find  in  the  development  in  a  favor- 
able tjrpe  such  as  Ameiurus,  laying  emphasis  largely  upon  the  mode 
of  origin  and  the  morphological  relations  of  the  cranial  ganglia, 
exclusive  of  the  sympathetic  ganglia.  The  ganglia  in  the  verte- 
brates are  the  source  of  the  central  and  peripheral  fibers  which 
have  been  grouped  into  the  various  component  systems,  and  are 
in  a  very  literal  sense  the  foundation  of  these  systems.  Their 
mode  of  origin  must  affect  vitally  oiur  conception  of  the  theory  of 
nerve  components.  The  cat-fishes  were  chosen  as  a  type,  partly 
because  the  nerve  components  of  the  adult  are  known  through 
Dr.  Herrick's  work,  and  partly  because  the  character  of  the  gus- 
tatory system  is  such  that  it  seemed  to  be  a  favorable  form  in 
which  to  differentiate  between  the  special  visceral  and  general 
visceral  systems  of  ganglia. 

In  contrast  with  the  favorable  conditions  offered  by  the  embryo, 
the  cranial  nerves  of  the  adult  cat-fish  are  much  more  diflScult  to 
analyze  than  those  of  such  a  form  as  Menidia,  but  by  going  back 
to  a  stage  between  eighty  and  ninety  hours  after  fertilization,  we 
find  the  ganglia  in  such  a  simple  condition,  with  so  little  fusion 
of  the  various  ganglionic  components,  that  their  analysis  becomes 
comparatively  easy.    At  this  stage  (as  shown  in  fig.  1)  we  find 
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with  one  exception  that  the  various  ganglia  are  arranged  exactly 
as  in  Menidia.  The  exception  is  found  in  the  case  of  the  9th 
nerve,  which  contains  a  special  somatic  or  lateralis  ganglion  which 
is  absent  in  Menidia.  The  visceral  system  (in  horizontal  shading, 
Fig.  1)  is  not  differentiated  into  a  general  and  special  visceral  sys- 
tem, but  is  left  as  shown  in  Professor  Herrick's  chart  of  Menidia.^ 
We  find  here  general  somatic  gangUa  (unshaded  in  Fig.  1)  in  the 


Fig.  1.  Reconstruction  of  the  cranial  ganglia  of  Ameiurus  melas.  Oc.  8,  obj. 
4mm,  Spencer.  Trigeminal,  facial  and  anterior  half  of  auditory  from  an  embryo 
of  86  hours.  The  posterior  half  of  the  auditor3%the  glossopharyngeal  and  the  vagus 
from  an  embryo  of  93  hours.  General  somatic  ganglia  imshaded;  special  somatic 
ganglia  indicated  by  vertical  shading;  general  and  special  visceral  ganglia  com- 
bined, indicated  by  horizontal  shading. 

5th  or  gasserian,  and  in  the  10th.  Special  somatic  gangUa  (in 
vertical  shading,  fig.  1)  supplying  the  ear  and  lateral  line  organs, 
are  found  in  the  7th,  8th,  9th  and  10th.  General  and  special 
visceral  ganglia  are  found  in  the  7th  or  geniculate  in  the  9th 
and  in  four  divisions  of  the  10th.  The  general  and  special  vis- 
ceral ganglia,  as  mentioned  above,  cannot  be  separated  in  any 
type  in  the  adult,  and  even  in  a  late  stage  of  development  cannot 
be  distinguished. 

Starting  with  this  type  of  ganglionic  arrangement  so  conamon 
among  the  Ichthyopsida,  let  us  inquire  briefly  how  the  various 
components  are  derived.  In  the  region  of  the  spinal  cord,  we 
have  two  components  represented,  the  general  somatic  and  the 
general  visceral,  both  of  whose  ganglia  are  derived  from  the  neural 
crest.    In  the  head  we  have  the  general  somatic  and  the  general 

*  The  cranial  and  first  spinal  nerves  of  Menidia.    Jour,  of  Com.  Neu.,  fig.  3, 1899- 
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visceral  components  present  also,  and  these  are  derived  exclusively 
in  Ameiurus,  and  probably  in  other  types,  from  the  neural  crest, 
so  that  for  these  two  fundamental  systems  the  cranial  ganglia  and 
spinal  cord  ganglia  fall  into  one  category,  as  far  as  their  mode  of 
origin  is  concerned.  This  fact  tends  to  emphasize  in  this  respect 
the  essential  similarity  of  the  head  and  cord  region  rather  than 
the  priority  of  one  over  the  other.  Whatever  type  of  specializa- 
tion the  head  region  may  have  imdergone  —  and  the  specialized 
ganglia  furnish  the  same  kind  of  evidence  as  that  furnished  by 
other  structures — the  two  regions  are  essentially  alike  in  these  two 
fimdamental  systems,  both  of  which  are  very  old  phylogenetically 
and  quite  generalized.  We  need  not  conclude,  however,  that  be- 
cause these  two  systems  are  old  phylogenetically  and  generalized 
and  are  represented  in  both  cranial  and  trunk  regions,  that  they 
stand  in  any  genetic  relation  to  specialized  systems  of  ganglia,  such 
as  the  special  somatic  and  special  visceral  ganglia  of  the  head. 

In  the  discussion  of  the  relation  between  general  and  special 
ganglia,  the  chief  interest  centers  about  the  mode  of  origin  of  the 
special  somatic  and  special  visceral  ganglia,  which  are  peculiar 
to  the  cranial  region  and  are  not  represented  in  the  trunk. 

It  wiU  be  easier  to  follow  the  origin  of  the  special  visceral  or 
gustatory  ganglia  first.  It  has  been  known  for  a  long  time  that 
certain  of  the  cranial  ganglia  derived  from  the  neural  crest 
come  into  contact  with  the  lateral  epidermis  in  at  least  two  regions. 
The  more  dorsal  of  these  regions  is  at  the  level  of  the  auditory 
vesicle,  at  which  point  the  epidermal  thickenings  are  known 
as  dorso-lateral  placodes;  and  the  more  ventral  of  these  regions  is 
at  the  level  of  the  dorsal  portion  of  the  gill  slit,  where  the  epider- 
mal l^ckenings  are  known  as  epibranchial  placodes.  The  major- 
ity of  observers,  however,  have  expressed  doubt  as  to  whether 
the  epidermis  contributes  cells  to  the  neural  crest  portion  of  the 
ganglia. 

In  Ameiurus,  owing  to  the  hypertrophied  character  of  the  gusta- 
tory ganglia  and  possibly  to  the  precocious  appearance  of  these 
ganglia,  there  can  be  no  doubt  that  epibranchial  placodes  do  con- 
tribute cells  to  the  neural  crest  ganglia.  These  placodes  are  not 
mere  contact  points,  but  are  true  epidermal  thickenings  which 
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proliferate  cells  medially  so  that  they  are  added  in  most  cases  en 
masse  to  the  neural  crest  ganglia,  and  there  is  little  cause  for  con- 
fusion as  to  their  true  nature.  This  mode  of  formation  of  the 
gustatory  ganglia  can  be  determined  easily  during  the  growth  of 
the  embryo  in  the  case  of  the  7th  and  in  the  first  two  divisions  of 
the  10th  ganglia.  The  strongest  confirmation  comes,  however, 
in  the  case  of  the  epibranchial  ganglion  of  the  9th  nerv^e.  In  this 
nerve  Professor  Herrick  can  find  only  one  t3^e  of  visceral  fibers, 
the  special  or  gustatory,  and  in  the  development  of  the  9th  vis- 
ceral ganglion  the  writer  can  find  no  trace  of  cells  other  than  those 
that  come  from  the  placode,  so .  that  one  is  warranted  in  conclud- 
ing that  the  special  visceral  or  gustatory  ganglia  come  from  the 
epibranchial  placodes  in  Ameiurus.  Every  ganglion  giving  rise 
to  gustatory  fibers  is  derived  in  part  from  the  placodes.  This  is 
true  of  the  7th,  9th,  and  four  divisions  of  the  10th  ganglia.  (These 
are  shown  in  cross-hatched  shading  in  Fig.  2.)   The  fourth  placode 


Fig.  2.  Ganglia  as  in  fig.  1,  to  show  the  origin  of  the  special  visceral  compon- 
ents. General  somatic  ganglia  unshaded;  special  somatic  ganglia  indicated  by 
vertical  shading;  general  visceral  ganglia  indicated  by  horizontal  shading;  special 
visceral  ganglia  indicated  by  cross-hatched  shading. 

of  the  10th  ganglion  had  not  appeared  at  the  age  at  which  this 
reconstruction  wa's  made.  Further  than  this,  the  placodal  de- 
rivative in  each  ganglion  is  in  a  general  way  proportionate  to  the 
number  of  gustatory  fibers  coming  from  the  adult  ganglion. 

The  last  two  placodal  derivatives  of  the  10th  ganglion  are  quite 
small,  and  the  last  one  answers  quite  accurately  to  many  of  the 
descriptions  of  the  epibranchial  placodes  in  the  literature.  The 
last  placode  of  the  10th  does  not  appear  until  after  the  neural 
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crest  ganglion  comes  into  contact  with  the  skin,  and  is  in  fact  in- 
dicated only  by  the  presence  of  this  contact.  If  it  were  not  for  the 
characteristic  relation  presented  by  the  9th  nerve  and  the  almost 
equally  characteristic  relation  shown  by  the  first  two  divisions  of 
the  10th,  one  could  easily  accept  for  the  last  division  of  the  10th, 
the  usual  description  in  regard  to  the  relation  of  the  placodes  to 
the  neural  crest  cells,  namely,  that  the  neural  crest  comes  into 
contact  merely  with  the  epidermis.  But  with  the  history  of  the  7th, 
9th  and  the  first  two  divisions  of  the  10th,  we  must  conclude  that 
the  usual  description  answers  to  a  condition  where  the  gustatory 
component  in  a  ganglion  is  small  or  late  in  appearance,  as  in  the 
mammals  and  in  man  particularly,  and  that  probably  the  placodal 
contribution  to  the  ganglion  is  not  suflSciently  large  or  suflSciently 
well  defined  to  be  isolated,  and  does  not  appear  before  the  contact 
is  formed  between  the  neural  crest  ganglion  and  the  epidermis. 

We  have  then  in  Ameiurus  evidence  that  the  special  and  general 
visceral  systems,  which  have  been  separated  in  the  adult  on  the 
basis  of  the  difference  in  the  peripheral  distribution  and  type  of 
fibers,  can  be  isolated  in  the  embryo  on  the  basis  of  mode  of  ori- 
gin of  the  two  types  of  ganglia.  The  special  comes  from  the  epi- 
branchial  placodes  and  the  general  from  the  neural  crest.  While 
this  analysis  of  the  ganglia  cannot  be  made  in  the  adult  or  even 
in  a  late  stage  of  embryonic  development,  still  the  fact  that  they 
can  be  isolated  in  the  earlier  stages  of  their  formation  furnishes 
a  striking  confirmation  of  the  analysis  effected  in  the  adult  and 
tends  materially  to  strengthen  the  point  of  view  on  which  this 
analysis  was  made. 

Turning  now  to  the  other  special  system  of  the  head,  the  special 
somatic  or  acustico-lateralis,  we  find  a  somewhat  different  his- 
tory with  a  rather  sharp  distinction  between  the  mode  of  origin 
of  pre-auditory  and  post-auditory  components  of  this  system. 
The  last  one  of  the  series,  the  lateralis  10th,  is  derived  exclusively 
from  a  dorso-lateral  placode  which  is  a  posterior  extension  of  the 
auditory  vesicle.  It  becomes  detached  from  the  epidermis  much 
as  the  epi-branchial  ganglia  do  and  contains  no  neural  crest 
cells.  The  next  two  in  the  series,  the  lateralis  9th  and  the  audi- 
tory, seem  to  come  exclusively  from  the  auditory  vesicle  but  ow- 
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ing  to  the  congestion  of  structures  in  the  auditory  region  caused 
by  the  rapidly  developing  vesicle,  it  is  difficult  to  be  certain  of 
their  purely  placodal  origin.  They  may  possibly  contain  neural 
crest  cells  in  Ameiurus  and  have  been  described  by  other  authors 
as  arising  largely  from  the  neural  crest.  If  they  do  contain  neural 
crest  cells,  they  represent  a  transition  between  the  lateralis  10th, 
which  is  a  pure  placodal  gangUon,  and  the  condition  to  be  described 
in  the  lateralis  7th  ganglion.  Passing  anteriorly,  we  come  to 
the  first  one  of  the  series,  or  rather  the  first  two,  the  lateralis  gang- 
lia associated  with  the  geniculate  ganglion  of  the  7th,  which  is 


Fig.  3.  Ganglia  as  in  figs.  1  and  2,  shaded  to  show  source  of  origin.  Unshaded 
ganglia  derived  from  neural  crest;  derivatives  of  dorso-lateral  placodes  indicated 
by  vertical  shading;  derivatives  of  ventro-lateral  placodes  indicated  by  cross- 
hatched  shading. 

pre-auditory  in  position.  These  two  ganglia  are  derived  exclus- 
ively from  the  neural  crest  and  are  totally  unlike  the  lateralis  10th 
in  their  mode  of  origin. 

We  have  thus  as  derivatives  of  the  neural  crest  in  the  head  all 
of  the  general  visceral  and  general  somatic  gangUa  of  the  5th,  7th, 
10th  and  the  two  special  somatic  ganglia  associated  with  the  geni- 
culate ganghon  of  the  7th  nerve.  This  is  in  rather  striking  con- 
trast with  the  specific  mode  of  origin  of  the  special  visceral  gang- 
lia, which  are  all  derived  from  placodes,  and  at  first  glance  seems 
to  militate  against  the  specific  character  of  these  gangUa  as  ob- 
served in  the  adult.  But  if  one  recall  that  the  only  condition 
imposed  upon  the  nervous  system,  both  peripheral  and  central, 
is  that  it  shall  furnish  such  correlations  as  will  be  profitable  to  the 
organism  in  adjusting  it  to  its  environment,  it  is  not  surprising 
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that  sharp  morphological  distinctions  should  be  rather  frequently 
broken  down.  As  illustrations  of  this,  one  has  the  dominance  of 
certain  centers  in  the  brain  as  compared  with  the  adjoining  cen- 
ters of  similar  characters:  the  usurpation  by  one  nerve,  of  peri- 
pheral areas  usually  innervated  by  a  totally  different  nerve  and 
even  by  a  different  kind  of  component,  or  the  dominating  of  a 
pure  lateralis  nerve  such  as  the  hyomandibular  by  components 
such  as  the  general  cutaneous  and  the  visceral. 

From  a  functional  point  of  view,  there  is  nothing  unusual  in  the 
double  mode  of  origin  of  the  special  somatic  or  lateralis  ganglia 
of  the  head.  As  Professor  Herrick  has  pointed  out,  the  whole 
ectoderm  of  the  head,  particularly  the  dorsal  and  the  lateral  por- 
tions, is  to  be  considered  as  potentially  nervous.  This  is  evi- 
denced by  the  formation  of  the  neuro-epithelium  of  the  olfactory 
organ,  by  the  formation  of  the  ganglia  from  the  epibranchial 
placodes  and  the  dorso-lateral  placodes,  and  by  the  formation  of 
the  neural  crest  ganglia  and  even  of  the  cord  itself.  All  the  di- 
verse modes  of  ganglion  formation  seem  to  serve  equally  well  in 
connecting  the  peripheral  sense  organs  with  the  central  nervous 
system. 

The  olfactory  neuro-epithelium,  with,  its  sense  cells  acting  as 
ganglion  cells  also,  is  evidently  the  simplest  type  of  vertebrate 
ganglion.  Next  come  the  optic  ganglionic  cells  which,  while  de- 
rived from  the  brain  wall,  still  are  only  slightly  removed  from  their 
epithelial  origin.  These  ganghonic  cells  remain  in  the  nervous 
layer  and  retain  their  position  near  their  sense  cells  and  do  not 
migrate  into  the  mesoderm.  Following  this,  one  has  the  auditory 
ganghon  derived  from  the  auditory  pit  but  moving  into  the  sur- 
roimding  tissue  and  away  from  its  sense  cells.  Its  primitive 
character  is  evidenced  by  its  bipolar  ganglion  cells  and  by  the  fact 
that  its  placode  still  remains  a  sense  organ.  Next,  there  is  the 
lateralis  ganglion  of  the  10th  nerve,  which  comes  from  a  placode 
but  becomes  entirely  detached  from  it  and  hes  in  the  mesoderm. 
In  Ameiurus  this  placode,  unlike  the  auditory  placode,  does  not 
become  a  sense  organ.  It  may  possibly  do  so  in  other  types,  as 
Wilson  maintains,  and  it  would  then  resemble  the  auditory  ganglion. 
Following  this  there  are  the  epibranchial  ganglia  derived  from 
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placodes,  concerning  which  there  is  no  evidence  in  the  ontogeny 
that  these  are  sense  organs  at  all.  It  seems  probable,  however, 
that  in  phylogeny  they  may  have  been  derived  from,  or  at  least 
associated  with,  sense  organs  located  at  the  dorsal  portion  of  the 
gill  slit,  where  the  placodes  now  arise.  If  the  epibranchial  gang- 
lia are  included  in  this  Ust  tentatively,  the  whole  class  is  character- 
ized by  the  fact  that  they  are  associated  more  or  less  closely  with 
special  sense  organs,  which  they  afterward  bring  into  contact 
with  the  brain,  and  thus  serve  to  adjust  the  organism  to  its  en- 
vironment. 

The  neural  crest  gangha  stand  in  rather  sharp  contrast  with 
this  large  class  of  ganglia,  in  that  they  are  not  associated  in  origin 
with  any  type  of  special  sense  organ  and  conserve  the  functions  of 
general  sensibiUty  rather  than  the  special  senses,  except  in  the 
case  of  the  lateraUs  7th  ganglia,  so  that  they  can  hardly  be  placed 
in  a  series  with  the  first  class.  If  the  lateralis  7th  gangha  were 
derived  originally  from  the  placodes  in  Ameiurus,  as  they  seem  to 
be  in  Cyclostomes,  and  have  changed  from  a  placodal  type  to  a 
neural  crest  type,  it  is  rather  a  process  of  usurpation  than  of 
evolution. 

The  pre-auditory  cranial  region  presents  other  modifications  as 
compared  with  the  post-auditory  region  fully  as  remarkable  as 
this.  The  writer  beUeves  that  the  speciaUzed  gangha  should  not 
be  considered  as  derived  from  the  unspeciahzed  gangha  in  the 
sense  that  Johnston  has  shown  the  speciahzed  centers  of  the  brain 
to  be  derived  from  the  unspeciahzed  centers.  These  stand  in  a 
genetic  relationship  to  each  other.  On  the  other  hand,  the  pla- 
codal gangha  have  arisen  in  the  potentially  nervous  ectoderm  in 
response  to  the  need  of  a  more  definite  correlating  apparatus  and 
have  come  from  the  region  of  the  sense  organ.  The  neural  crest 
ganglia  have  arisen  in  response  to  the  same  need,  but  have  come 
from  the  region  of  the  cord  and  brain.  In  the  case  of  the  pre- 
auditory  laterahs  gangha,  the  second  type  seems  to  have  usurped 
the  place  and  function  of  the  first  type  and  this  may  be  going  on 
even  in  the  auditory  and  lateralis  9th.  This  change  would  be 
no  more  remarkable  than  other  well  known  changes  in  the  peri- 
pheral distribution  and  composition  of  nerves,  which  tend  to  adapt 
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the  organism  more  accurately  to  its  enviromnent,  or  to  a  different 
environment,  or  to  integrate  the  activities  of  the  organism  itself. 
All  of  these  changes,  while  presenting  puzzling  morphological  con- 
ditions, tend  to  emphasize  the  idea  that  the  functional  needs  of 
the  organism  rather  than  consistency  in  morphological  detail  is  the 
key  to  the  compUcated  nervous  mechanism  of  the  vertebrates. 
The  original  characterization  of  a  nerve  component  included  the 
following  distinctive  points.  The  peripheral  sense  organs  are  of 
a  common  type  with  a  common  function.  The  fibers  of  a  given 
component  are  usually  of  a  definite  size,  thus  enabling  one  to 
trace  them  through  their  ganglionic  connections  to  the  brain. 
The  ganglia  are  definitely  localized  and  sometimes  in  the  most 
favorable  types  sharply  isolated  from  the  adjoining  ganglia.  The 
central  ending  of  a  given  component  is  definitely  localized.  From 
the  embryological  evidence,  we  can  add  to  this  characterization 
the  fact  that  the  ganglionic  components  are  definite  in  their  mode 
of  origin  and  except  in  the  case  of  the  preauditory  lateralis  ganglia 
are  specific  in  their  mode  of  origin.  The  general  visceral  and 
general  somatic  ganglionic  components  represented  in  both  cranial 
and  trunk  regions  are  derived  from  the  neural  crest.  The  special 
visceral  components  are  derived  from  the  epibranchial  placodes. 
The  special  somatic  components  show  a  transition  from  a  pure 
placodal  type  in  the  lateralis  10th  through  a  possible  intermediate 
type  in  the  lateralis  9th  and  auditory,  to  the  pure  neural  crest 
type  in  the  lateralis  7th. 
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4.  THE  PROBLEM  OF  THE  CORRELATION  MECH- 
ANISMS 

JOHN  B.  JOHNSTON 

University  of  Minnesota 
WITH  ONE  FIGURE 

The  next  general  problem  before  the  anatomist  of  the  nervous 
system  is  that  of  the  correlation  mechanisms.  The  organization 
of  the  primary  receptive  and  effective  mechanisms  has  found  ade- 
quate expression  in  the  doctrine  of  the  functional  divisions  of  the 
nervous  system.  The  validity  and  the  usefulness  of  this  doctrine 
are  demonstrated  by  its  adoption  by  an  increasing  number  of 
workers  in  this  coimtry  and  abroad.  The  task  of  elaborating  a 
complete  functional  morphology  of  the  nervous  system,  however, 
has  only  been  begim  by  the  theory  of  fimctional  divisions. 

The  problem  of  the  correlating  mechanisms  is  as  many-sided 
and  complex  as  the  nervous  system  itself,  as  broad  and  varied  as 
the  whole  of  human  life.  The  problem  involves  (1)  all  those  ques- 
tions relating  to  the  structure  and  connections  of  the  individual 
neurones,  the  character  of  the  nerve  impulse  and  the  mode  of  its 
propagation  through  the  neurone  and  from  one  neurone  to  another; 
continuity,  synapses,  stimulus  threshold,  summation,  inhibition, 
etc.;  and  (2)  all  those  questions  r^arding  the  means  by  which 
simple  reflexes  are  combined  into  larger  actions  directed  for  the 
welfare  of  the  organism  as  a  whole. 

It  is  to  the  solution  of  the  second  set  of  problems  that  compara- 
tive neurology  can  contribute  most  at  the  present  time.  The  prob- 
lem is  fundamentally  more  than  all  else  a  problem  in  the  genesis  of 
structures  functioning  in  an  adaptive  manner.  Structure  and 
function  can  not  be  separated  and  both  must  be  studied  in  the 
Ught  of  their  purpose.  Structures  in  action — actions  performed 
by  definite  structures — have  for  their  end  the  adaptation  of  the 
organism  to  the  conditions  of  its  Uf e.    The  way  in  which  the  parts 
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of  the  nervous  system  work  together  m  directing  the  various 
organs  for  the  welfare  of  the  organism  as  a  whole  is  the  chief 
guide  in  the  interpretation  of  the  nervous  system.  This  has  been 
the  burden  of  the  teaching  of  the  functional  morphologist.  But 
to  discover  how  the  parts  of  the  nervous  system  work  together  it 
is  necessary  to  inquire  how  the  nervous  mechanisms  have  come  to 
be  what  they  are  through  the  process  of  evolution  of  the  race. 
What  were  the  first  or  simplest  structures  serving  certain  func- 
tions? How  were  they  modified  and  speciahzed?  What  causes  led 
to  the  increasing  complexity  of  their  structure?  By  what  steps 
have  they  come  to  be  what  they  are?  In  this  way  alone  can  we  dis- 
cover fully  what  they  are  and  what  they  mean.  For  this  way  of 
looking  at  the  nervous  system  we  may  use  the  name  genetic  method. 
It  is  in  attacking  the  most  complex  problem  that  a  complete 
genetic  method  is  most  needed.  The  study  of  the  correlating 
mechanisms,  to  repeat,  is  a  study  of  the  evolution  of  nervous 
structures  functioning  in  such  a  way  as  to  secure  the  adaptation 
of  the  organisms  concerned. 

How  have  simple  reflexes  been  combined  into  adaptive  action- 
systems?  What  are  the  impulse  pathways  by  means  of  which  one 
simple  reflex  is  combined  with  others  into  a  larger  whole,  while  cer- 
tain others  are  left  passively  idle  and  still  others  are  actively  shut 
out  from  participation  because  antagonistic  to  the  main  purpose? 
Nearly  everyone  of  our  common  actions  answers  to  this  descrip- 
tion, and  those  actions  have  grown  up  through  a  long  past  by  the 
combination  of  simpler  elements.  We  see  this  in  the  growth  of 
the  infant,  in  his  learning  to  see  things,  to  grasp  objects,  to  walk, 
to  talk;  and  we  can  more  or  less  fully  trace  the  phylogenetic  his- 
tory of  some  of  our  actions.  The  most  direct  and  effective  method 
of  attack  is  to  study  the  genesis  of  the  actions  themselves  and  the 
parallel  genesis  of  the  nervous  mechanisms  concerned  in  them. 
An  excellent  example  of  the  right  mode  of  approaching  these 
problems  is  the  study  of  the  genesis  of  movements  in  amphibian 
tadpoles  presented  to  this  Association  at  its  last  meeting  by 
Professor  Coghill. 

Among  the  many  phenomena  requiring  explanation,  the  spread 
of  reflexes  to  distant  segments  and  the  cooperation  of  distant  seg- 
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ments  in  a  single  action  will  illustrate  the  point  of  view  here  sug- 
gested. Perhaps  the  most  constant  result  in  experiments  upon 
animals  is  the  tendency  for  the  responses  to  be  complete  or  partial 
reproductions  of  habitual  or  common  acts.  In  the  highly  spec- 
ialized reflexes  of  the  dog  certain  kinds  of  stimulation  produce  defi- 
nite movements.  For  example,  stimulation  of  the  shoulder  in 
any  of  several  ways  calls  forth  the  scratch-reflex.  It  is  fre- 
quently noticed,  when  the  limbs  are  called  into  action  by  a  stimu- 
lus, that  the  form  of  their  movement  is  dominated  by  the  method 
of  progression  characteristic  of  the  given  animal.  Thus  in  the  dog 
various  forms  of  excitation  produce  attitudes  of  the  limbs  which 
are  due  to  the  dominance  of  the  trotting  gait  in  this  animal.  If 
the  stimulation  be  at  a  hind  foot  the  movement  of  the  fore  leg  or 
legs  is  that  which  would  form  part  of  the  act  of  trotting.  If  pain- 
ful stimulation  of  one  hind  foot  in  the  spinal  dog  be  continued  the 
flexor  muscles  of  that  leg  contract  and  the  other  three  legs  move  in 
the  rhythm  of  progression,  that  is,  the  hurt  foot  is  held  up  and  the 
other  three  feet  run  away  (Sherrington,  Integrative  Action,  p. 
240).  So,  in  experiments  on  lower  vertebrates  in  which  general 
somatic  nerves  are  stimulated,  the  responses  are  movements  of 
swimming.  Witness  the  recent  work  of  Sheldon  on  chemical 
stimulation  of  the  dogfish.  If  the  stimulation  is  strong  enough  it 
calls  forth  contraction  of  muscles  of  distant  segments,  perhaps  of 
all  segments  of  the  body.  In  this  spread  of  reflexes  to  distant 
segments  we  have  one  of  the  fundamental  elements  in  the  combi- 
nation of  reflexes. 

The  responses  called  forth  by  irradiation  to  distant  segments 
through  the  spinal  cord  are  not  hap-hazard,  but  are  parts  of  typical 
actions.  The  phenomena  of  irradiation  must  therefore  rest  upon 
systems  of  nerve  paths  produced  in  the  course  of  the  evolution  of 
characteristic  behavior  of  the  given  species.  Long  spinal  irradia- 
tion is  but  a  specific  illustration  of  what  we  may  call  segmental, 
or  metameric  correlation. 

When  we  look  for  the  mechanism  of  this  segmental  correlation, 
we  find  a  plethora  of  materials  and  our  diflSculty  is  to  sift  out 
definite  structures  and  discover  their  specific  functions.  In  the 
spinal  cord  and  brain  of  vertebrates  we  recognize  in  each  of  the 
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receptive  columns,  somatic  and  visceral,  primary  receptive  neu- 
rones and  other  neurones  {substantia  reticularis)  which  constitute 
the  structural  means  for  correlation.  Fibers  arise  from  the  somatic 
receptive  colunm — the  dorsal  horn — to  go  to  other  segments  to 
end  in  the  same  column  on  the  same  or  opposite  side.  Other 
fibers  go  to  the  somatic  motor  column  of  one  or  more  segments. 
These  latter  may  serve  to  call  into  action  larger  masses  of  muscle, 
but  can  have  only  a  low  value  in  correlation. 

Those  neurones  by  which  the  in-coming  impulses  are  spread 
to  distant  segments  of  the  same  column  are  of  especial  significance 
in  correlation.  Two  chief  sets  of  such  neurones  are  recognized. 
The  fibers  of  one  of  these  run  up  or  down  the  cord  in  proximity 
to  the  dorsal  horn  itself  into  which  the  fibers  turn  after  a  longer  or 
shorter  course.  The  second  set  of  neurones  send  their  fibers  by 
way  of  the  ventral  decussation  of  the  cord  to  end  in  the  dorsal 
horn  of  the  opposite  side  in  a  higher  or  lower  segment. 

Whatever  may  be  the  specific  mode  of  functioning  of  the  corre- 
lation neurones  within  the  spinal  cord,  numerous  long  fibers  of 
both  sets  of  neurones  have  played  an  important  part  in  the  evo- 
lution of  the  brain.  Homolateral  fibers  from  the  dorsal  horn  of 
the  cord  reach  the  cerebellum  and  many  more  join  these  from  the 
nuclei  cuneatus  and  gracilis  of  the  medulla  oblongata.  These 
direct  cerebellar  fibers  are  joined  also  by  external  arcuates  from 
the  other  side  of  the  medulla  oblongata.  Crossed  fibers  from  the 
dorsal  horn  of  the  cord  together  with  many  more  from  the  nuclei 
in  the  oblongata,  including  the  centers  for  the  fifth  and  eighth 
nerves,  and  still  others  from  the  dentate  nucleus  of  the  cerebellum, 
form  a  great  system  or  several  systems  of  fibers,  of  which  the  med- 
ial lemniscus  is  the  type.  The  fibers  of  both  direct  and  crossed 
systems  pass  from  the  somatic  sensory  column  of  lower  segments 
to  the  same  column  in  higher  segments.  These  are  fundamentally 
segmental  correlation  fibers,  but  their  great  numbers  and  their 
definite  arrangement  with  reference  to  certain  segments  and  nuclei 
in  the  brain  are  due  to  a  special  significance  which  they  have  ob- 
tained in  consequence  of  the  development  of  special  sense  organs. 

It  is  customary  to  speak  of  the  development  of  organs  of  special 
sense  in  the  head  as  the  cause  of  the  development  of  the  brain. 
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SCHEMA  OF  SBQMBNTAL  CORRBLATINQ  TRACTS 

On  the  left  are  shown  some  of  the  long  ascending  tracts  concerned  in  somatic 
receptive  fimctions  in  man.  On  the  right  is  shown  the  segmented  brain  of  a 
hypothetical  primitive  or  ancestral  form  in  which  the  evagination  of  the  forebrain 
and  the  retinal  areas  has  begun.  Otherwise  the  brain  is  simply  the  anterior  por- 
tion of  the  neural  tube.  In  the  arrangement  of  the  direct  and  crossed  correlating 
fibers  the  specialized  tracts  of  true  vertebrates  are  foreshadowed.  The  place  of 
ending  of  the  nervus  terminalis  in  this  figure  is  the  primordial  somatic  cortex. 
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This  is  true,  but  we  are  too  apt  to  lose  sight  of  the  importance  of 
the  correlation  of  general  somatic  sense  organs  with  the  special 
sense  organs.  The  primary  receptive  centers  for  the  eye,  ear  and 
nose  account  for  only  a  small  part  of  the  increased  size  of  the 
anterior  part  of  the  neural  tube.  The  greater  part  of  the  enlarge- 
ment called  the  brain  is  due  to  the  material  serving  for  correlation 
between  eye,  ear,  and  nose  and  between  those  and  the  skin  and 
muscles  of  the  body. 

The  mechanism  for  correlation  of  the  general  bodily  organs 
with  the  organs  of  special  sense  was  ready-prepared  before  those 
sense  organs  made  their  appearance  in  the  vertebrate  ancestors. 
The  ancestral  forms  had  no  head,  only  an  anterior  end.  What  is 
now  head  was  in  those  ancestors  a  region  with  a  complete  series  of 
segments  and  sensory  nerves.  We  have  no  evidence  of  somatic 
motor  nerves  further  forward  than  the  present  oculomotorius. 
Two  forms  of  sensory  neurones  were  present :  one  which  we  may 
call  the  ganglion-cell  type,  sensitive  especially  to  mechanical 
stimuli,  with  chemical,  photic  and  thermal  sensitiveness  in  the 
background;  the  other  which  came  to  form  the  olfactory  organ, 
with  chemicar  sensitiveness  dominant.  Both  these  had  been 
derived  perhaps  from  a  single  still  more  ancient  and  unspecialized 
type  of  peripheral  sense  cells.  The  speciaUzation  of  the  sense 
cells  in  the  anterior  segment  of  the  body  as  cells  of  chemical  sense 
and  their  collection  into  a  restricted  area  gave  rise  to  the  first 
special  sense  organ,  the  olfactory.  The  sense  cells  of  the  rest  of 
the  body  likewise  collected  into  a  long  strip  at  either  side  of  the 
neural  plate  and  gave  rise  to  the  spinal  and  cranial  ganglia.  In  this 
simple  animal  the  chief  long  paths  in  the  nervous  system  were  con- 
cerned with  segmental  correlation  and  these  paths  form  the  basis 
for  the  high  development  of  correlation  mechanisms,  which  is  the 
chief  characteristic  of  vertebrate  animals  and  which  enabled  this 
phylum,  by  adapting  itself  to  wider  and  wider  ranges  of  environ- 
mental conditions,  to  become  the  dominant  race  of  animals. 

A  certain  part  of  the  ganglion-cell  type  of  sensorj'^  neurones, 
especially  in  the  anterior  end  of  the  body,  from  the  first  tended  to 
specialize  in  the  direction  of  light  percipient  cells  and  in  three  or 
more  segments  of  the  head  these  cells  became  aggregated  into  eyes. 
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These  formed  parts  of  the  bram  wall  and  became  evaginated,  as  is 
well  known.  I  have  several  times  brought  forward  evidence  that 
the  eyes  were  developed  from  the  general  somatic  receptive  column 
and  I  have  suggested  that  the  optic  tract  fibers  constituted  essen- 
tially a  correlation  tract  comparable  to  the  lemniscus.  The  most 
important  result  following  from  these  facts  is  now  to  be*pointed  out, 
namely,  that  this  optic  tract  entered  the  somatic  sensory  column 
where  its  impulses  came  at  once  into  relation  with  impulses  from 
the  skin  and  muscles,  brought  up  by  the  long  tracts  for  the  sake, 
originally,  of  segmental  correlation.  Thus  early  the  primordial 
structiu-es  were  present  which  provided  against  the  dominance  of 
direct  and  unmodified  reflexes,  such  as  obtains  in  invertebrates, 
and  provided  for  the  control  of  body  movements  by  the  coopera- 
tion of  two  or  more  sensory  mechanisms  taking  account  of  differ- 
ent factors  in  the  environment.  This  it  is  which  distinguishes  all 
vertebrates  from  invertebrate  forms, — the  degree  to  which  the 
power  to  guide  their  actions  with  reference  to  impulses  of  two  or 
more  kinds  is  developed. 

When  later,  the  acustico-lateralis  system  of  sense  organs  arose 
to  take  account  of  slow  wave-stimulation  and  developed  into  an 
organ  of  the  static  sense,  and  still  later  gave  rise  to  an  organ  of 
hearing,  these  organs  sent  their  impulses  into  the  same  somatic 
sensory  column,  whose  long  tracts  served  also  for  correlation  of 
these  with  the  skin  and  muscles. 

It  was  in  this  way  that  the  brain  came  to  be  developed  as  a 
great  collection  of  correlation  centers.  The  gray  matter  in  the 
tectum  and  the  thalamus,  as  soon  as  the  eye  was  formed,  served 
at  once,  not  as  optic  centers  alone,  but  as  somatic-optic  correla- 
tion centers.  It  is  noticeable  that  the  fishes  which  present  well 
formed  optic  centers  in  the  thalamus  are  not  alone  those  with 
large  eyes  but  the  strong-swimming,  active  forms.  For  example, 
among  ganoids  the  active  and  predacious  freshwater  dogfish 
(Amia)  has  a  well  developed  lateral  geniculate  body,  while  the 
sluggish  bottom-feeding  sturgeon  has  not. 

Again,  the  gray  matter  in  the  segments  following  the  tectum 
became  a  center  for  the  correlation  of  canal-organ  impulses 
with  those  of  the  muscle  sense  in  the  control  of  muscular  move- 
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ments.  Here  was  developed  the  most  sharply  specialized  and 
highly  characteristic  region  of  the  vertebrate  brain,  the  cerebellum, 
Deiter's  nucleus  and  area  acustica  serving  as  a  static  mechanism, 
an  organ  for  muscle  tone,  etc.  The  great  importance  to  this 
mechanism  of  the  sensory  impressions  from  the  muscles  and  the 
skin  which  ate  carried  up  by  the  dorsal  tracts  and  restif  orm  bodies, 
has  been  so  often  pointed  out  that  we  need  not  dwell  on  it  here. 

Further,  the  common  and  primitive  basis  of  correlation  tracts 
which  put  these  sense  organs  into  relation  with  the  muscles  and 
skin,  served  also  to  put  them  into  relation  with  one  another.  This 
must  be  passed  over  for  the  sake  of  discussing  briefly  the  condi- 
tions determining  the  development  of  the  somatic  cortical  cen- 
ters in  which  correlation  of  all  these  sense  surfaces  is  brought 
about,  and  apparently  on  a  higher  plane. 

The  cerebral  cortex  consists  essentially  of  two  parts,  a  visceral 
cortex  and  a  somatic  cortex.  The  former  will  be  discussed  in 
another  paper.  Here  let  us  examine  briefly  the  conditions  for  the 
development  of  the  somatic  cortex.  In  the  more  active  lower 
vertebrates  the  optic-somatic  correlation  centers  play  so  important 
a  part  in  the  more  intelligent  seeming  activities  that  some  one  has 
said  that  the  tectum  plays  the  part  of  cortex  for  the  fish. 
Why  have  not  some  of  the  lower  correlation  centers,  say  the 
optic,  developed  into  the  cortex?  Chiefly  for  the  reason  that  the 
presence  of  the  special  sense  organ  demands  the  use  of  the  greater 
part  of  the  substantia  reticularis  in  those  centers  for  the  direction 
of  simple  or  combined  reflexes  in  which  the  impulses  from  one  sense 
organ  play  a  dominant  rdle.  It  is  characteristic  of  cerebral  cortex 
that  it  is  free  from  the  domination  of  any  one  kind  of  sensory  im- 
pulses. Since  there  is  some  limit  to  the  development  of  any  cor- 
relation center — at  least  the  Umit  of  the  power  of  growth  with 
which  that  part  of  the  nervous  system  is  endowed  in  the  embryo 
— a  center  which  is  largely  concerned  with  any  one  sense  could 
not  well  supply  the  material  for  cortical  functions. 

An  influence  favoring  the  development  of  cortical  centers  in  the 
telencephalon  is  the  presence  of  the  olfactory  centers  in  that  seg- 
ment. The  olfactory  organ  is  not  only  a  special  organ  of  the 
chemical  sense  of  ancient  standing,  but  it  has  acquired  special 
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importance  by  reason  of  its  power  to  function  at  a  distance.  As 
pointed  out  by  Sherrington,  the  olfactory  organ  is  a  distance  re- 
ceptor in  the  search  for  food.  It  is  important,  therefore,  that  the 
olfactory  organ  be  correlated  with  the  visual  organ  and  with  the 
muscles  which  are  chiefly  concerned  in  the  capture  of  food.  WTiere 
is  this  correlation  provided  for?  In  part  at  least  in  the  olfactory 
centers  in  the  hypothalamus  and  epithalamus  and  the  optic 
centers  with  which  these  are  inter-connected.  Indeed,  these  so- 
called  olfactory  centers  in  the  diencephalon  are  in  reaUty  the 
meeting-places  or  clearing-houses  for  impulses  of  different  sorts 
and  should  be  called  olfacto-gustatory,  olfacto-visual  and  olfacto- 
muscular  correlation  centers.  I  see  no  reason  why  these  centers 
should  not  have  suflSced  for  the  combination  of  all  sorts  of  reflexes 
in  which  the  olfactory  organ  was  concerned  as  a  distance  receptor 
in  the  search  for  food.  The  most  that  we  can  say  as  to  the  in- 
fluence of  the  olfactory  organ  is  that  an  olfactory-somatic  corre- 
lation center  in  the  telencephalon  would  perhaps  have  some 
advantage  in  eflSciency.  The  presence  of  the  olfactory  organ 
does  not  give  any  cley  as  to  how  such  a  center  in  the  telencephalon 
came  to  arise.  -^ 

For  this  we  must  turn  to  the  principle  of  metameric  correlation. 
The  long  correlation  tracts  are  believed  to  be  more  fundamental 
and  of  earlier  origin  than  the  special  sense  organs  or  the  brain  it- 
self, and  if  such  tracts  reached  the  first  brain  segment  regardless 
of  the  olfactory  organ,  then  the  development  of  an  olfacto-somatic 
correlation  center  in  the  telencephalon  is  merely  a  question  of  its 
usefulness  to  the  organism.  Was  there  present  in  the  first  segment 
of  the  neural  tube  of  vertebrate  ancestors  a  segment  of  the  somatic 
sensory  colunm?  Was  this  connected  with  lower  segments  of 
the  same  colunm  by  metameric  correlation  tracts?  And  could 
such  a  center  offer  the  material  and  the  conditions  for  the  develop- 
ment of  the  somatic  cortex?  I  believe  all  these  questions  are  to  be 
answered  in  the  aflirmative. 

There  is  connected  with  the  forebrain  in  selachians  a  nerve, 
evidently  vestigeal,  which  bears  a  ganglion  and  is  distributed  to  the 
epitheUum  of  the  nasal  sac.  I  believe  that  this  represents  the  gen- 
eral cutaneous  nerve  component  of  this  segment.     The  nerve 
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enters  a  part  of  the  forebrain  which  in  selachians  receives  fiber 
tracts  from  lower  segments  of  the  somatic  sensory  column, 
namely,  the  lenmiscus  center  in  the  thalamus  and  perhaps  other 
centers.  Here  are  evidences  of  the  existence  of  a  primary  somatic 
sensory  center  and  of  correlatmg  tracts  in  one  of  the  lower  groups 
of  fishes.  That  ancestral  vertebrates  possessed  a  cutaneous  nerve 
in  the  first  segment  and  that  its  center  was  connected  by  long 
tracts  with  lower  centers  of  the  same  sort  is  a  reasonable  deduc- 
tion from  this  evidence  and  also  is  a  priori  very  probable. 

Such  a  center  was  very  favorably  placed  for  the  development  of 
somatic  cortex  for  two  chief  reasons.  First,  it  had  the  advantage 
of  proximity  to  the  olfactory  centers  and  the  olfacto-gustatory 
cortex.  Second,  the  correlating  material  of  this  segment  of  the 
somatic  sensory  column  was  the  only  one  to  be  set  free  from  the  domi- 
nance of  a  special  sense  organ ;  eye,  ear,  skin,  or  muscles.  The  N.  ter- 
minalis  disappeared  and  the  cutaneous  surface  which  it  suppUed  was 
invaded  by  the  trigeminus.  The  substantia  reticularis  of  the 
forebrain  center,  was  then  released  from  the  work  of  combination 
of  simple  reflexes  and  came  to  serve  for  correlations  of  a  higher 
order.  This  is  a  special  case  of  a  general  tendency  in  the  brain 
which  has  long  been  recognized,  namely,  the  tendency  toward 
segregation  and  condensation  of  centers  for  special  functions. 
The  cutaneous  innervation  of  the  head,  originally  provided  by 
some  ten  or  eleven  segmental  nerves,  is  in  man  almost  all  pro- 
vided by  the  trigeminus  with  some  branches  from  the  first  and 
second  spinal  nerves,  and  its  center  is  condensed  into  the  medulla 
oblongata.  The  special  sense  organs  were  restricted  to  one  or  a 
few  segments  from  the  first  and  have  dominated  those  segments, 
as  we  have  seen.  The  forebrain  segment  of  the  somatic  colunm, 
while  losing  its  primary  sensory  function,  offered  the  opportunity 
for  olfacto-somatic  correlation  and  for  the  inter-correlation  of 
somatic  organs  which  sent  impulses  up  to  it  over  the  long  tracts. 
It  can  not  be  thought  that  the  occasion  or  impulse  for  the  develop- 
ment of  this  correlating  center  after  it  was  freed  from  its  primary 
sensory  function  was  suppUed  by  the  olfactory  organ  and  centers 
alone.  Olfacto-somatic  correlation  in  the  forebrain  is  to  be 
regarded  rather  as  incidental.    Had  there  been  no  other  occasion 
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for  a  somatic  center  in  the  forebrain,  olfacto-somatic  correlation 
would  all  have  been  cared  for  in  the  diencephalon.  The  cerebral 
cortex  serves  for  correlation  between  tactile,  muscular,  static, 
auditory  and  visual  impulses  in  a  thousand  ways  in  which 
olfactory  impulses  are  not  at  all  concerned.  For  the  development 
of  these  somatic  correlating  functions  the  olfactory  apparatus 
could  have  been  neither  the  stimulus  nor  the  directing  force.  If 
there  had  been  no  somatic  sensory  center  in  the  forebrain,  the 
somatic  cortical  functions  would  never  have  been  located  in  the 
telencephalon.  The  determining  factors  in  the  development  of 
the  somatic  cortex  were:  (1)  the  center  for  the  nervus  terminalis 
with  the  substantia  reticularis  belonging  to  it;  (2)  the  fimda- 
mental  correlation  tracts  bringing  up  tactile,  musculo-sensory  and 
visual  impulses  to  this  center;  (3)  the  reduction  of  the  nerve 
which  left  the  substantia  reticularis  free  to  serve  for  correlation 
of  the  impulses  just  mentioned;  (4)  and  the  advantage  of  a 
center  where  impulses  of  different  kinds  might  interact  upon 
equal  terms.  In  this  last,  which  seems  at  first  a  vague  and  intang- 
ible principle,  lies  the  very  essence  of  the  conditions  for  the  develop- 
ment of  the  higher  cortical  functions,  memory,  judgment,  reason- 
ing and  the  aesthetic  faculties.  Consciousness  springs,  as  I  believe, 
from  the  tension  of  indecision  between  two  or  more  sets  of  impulses, 
any  one  of  which  coining  alone  would  be  followed  by  a  simple  reflex; 
or  between  two  or  more  possible  responses  to  a  stimulus.  If  so,  we 
can  not  expect  a  very  high  grade  of  consciousness  in  animals  in 
whose  nervous  systems  each  center  is  under  the  dominant  influ- 
ence of  one  sense  organ.  The  tension  in  the  olfacto-visual, 
olfacto-gustatory,  or  visuo-muscular  correlation  centers  would, 
too  often,  be  dissolved  by  the  dominant  influence  of  one  or  other 
sense  organ.  Inhibition  would  not  be  very  prolonged,  one  set  of 
conditions  would  not  hold  the  attention  long  for  the  purpose  of 
weighing  the  difi'erent  impulses  or  responses  over  against  one 
another.  The  solution  of  the  tension  through  a  simple  reflex  or  a 
combination  of  reflexes  of  a  low  order  or  of  a  habitual  type  would 
be  unfavorable  to  the  development  of  memory,  of  adaptability 
in  responses,  or  of  deliberation,  which  is  essential  to  intelligent 
action. 
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In  the  forebrain  center,  however,  just  those  conditions  are  pre- 
sented which  are  favorable  to  the  development  of  the  faculties  of 
intelligence.  In  addition  to  the  freedom  from  the  unequal  influence 
of  one  set  of  impulses,  the  fact  that  impulses  reach  this  center 
only  by  long  paths  and  usually  by  a  relay  of  three  neurones  is  of 
great  importance.  In  the  definition  of  cortex  in  general  I  have 
elsewhere  given  weight  to  the  relay  of  three  neurones  for  these 
reasons:  (1)  Such  a  relay  removes  the  cortex  farther  from  the 
realm  of  direct  reflexes  by  increasing  the  time  of  reaction  through 
the  cortex.  The  cortex  is  never  involved  where  extraordinarily 
quick  response  is  necessary.  (2)  The  relay  restricts  the  number 
of  impulses  passing  to  the  cortex.  Impulses  to  reach  the  cortex 
either  must  have  suflBcient  energy  to  connnand  the  right  of  way 
(through  the  synapses)  or  they  must  find  the  way  prepared  for 
them  through  attention;  and  attention  itself  is  a  conscious  process 
and  one  of  the  greatest  factors  in  the  further  development  of 
consciousness. 

If  we  were  to  look  at  the  visceral  sensory  mechanisms  we  should 
find  essentially  the  same  arrangements  as  have  been  described  for 
the  somatic:  a  longitudinal  colunm  with  long  tracts  connecting 
distant  segments  with  one  another.  Into  this  column  came  the 
fibers  of  taste  and  smell  and  the  long  tracts  brought  these  into 
relation  in  the  forebrain,  so  giving  rise  to  the  visceral  cortex. 

I  present,  then,  as  three  matters  of  great  importance  in  the 
study  of  the  correlation  mechanisms:  (1)  the  fundamental  chai'ac- 
ter  of  metameric  correlation;  (2)  the  development  of  the  brain 
through  the  local  hypertrophy  of  this  segmental  mechanism  under 
the  influence  of  the  special  sense  organs,  and  the  related  segrega- 
tion of  special  centers,  and  (3)  the  indifference  of  the  somatic 
correlation  center  in  the  telencephalon,  which  offers  the  essential 
condition  for  the  development  of  the  cerebral  cortex  as  the  organ 
of  conscious  life. 
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TWENTY-FIFTH  SESSION 

In  the  Embryological  Laboratory,  Harvard  Medical  School,  Boston, 
Massachusetts,  December  28,  29,  and  SO,  1909. 

Tuesday,  December  28,  9.30  a.  m.,  to  1.00  p.  m. 

The  twenty-fifth  session  was  called  to  order  at  9.30  am.  by 
President,  James  Playfair  McMurrich,  who  appointed  the  fol- 
lowing conmiittees. 

Committee  on  Nominations;  Charles  S.  Minot,  Chairman; 
Thomas  G.  Lee,  Simon  H.  Gage. 

Avditing  Committee;  Milton  J.  Greenman,  Chairman;  August 
G.  Pohlman. 

Symposium  of  Comparative  Neurology: 

George  H.  Parker,  Harvard  University.  The  phylogenetic  origin  of  the  nervous 
system. 

C.  Jfdson  Herrick,  Xjniversity  of  Chicago.  The  relations  of  the  peripheral  and 
central  nervous  systems  in  phylogeny. 

Francis  L.  Landacre,  Ohio  State  iJniversity.  The  origin  of  the  sensory  compo- 
nents of  the  cranial  ganglia. 

John  B.  Johnston,  University  of  Minnesota.  The  problem  of  correlation  certers 
and  the  evolution  of  the  cerebral  cortex. 

The  general  discussion  was  opened  by  Henry  H.  Donaldson, 
Wistar  Institute  of  Anatomy. 

The  remainder  of  this  session  was  devoted  to  the  presentation 
of  the  following  neurological  papers: 

Stewart  Paton,  Princeton y  New  Jersey.    Neurofibrillation  in  relation  to  the  first 

movements  of  vertebrate  embryos. 
Susanna  Phelps  Gage,  Ithaca,  New  York.    A  pair  of  dorsal  cerebral  sacs  on 

either  side  of  the  terma  in  a  35  day  and  other  human  embryos,  comparable 

with  the  cerebral  sacs  in  fishes. 
S.  Walter  Ranson,  Northwestern  University  Medical  School.    Non-medullated 

nerve  fibers  in  the  spinal  nerves. 
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Henry  H.  Donaldson,  Wistar  Institute  of  Anatomy.  On  the  percentage  of  water 
in  the  central  nervous  system  of  the  albino  rat.    (Lantern  slides.) 

S.  Hatai,  Wistar  Institute  of  Anatomy.  Preliminary  report  on  the  inheritance 
of  the  weight  of  the  central  nervous  system  in  rats. 

John  B.  Johnston,  University  of  Minnesota.  Early  stages  in  the  evolution  of  the 
cerebral  cortex.    (Only  an  abstract  presented.) 

The  following  neurological  papers  announced  were  read  by  title: 

C.  JuDSON  Herrick,  University  of  Chicago.  The  analysis  of  the  paraterminal 
body  and  its  relation  to  the  hippocampus  in  lower  brains. 

Burt  G.  Wilder,  Cornell  University.  The  weight  and  form  of  the  brain  of  some 
American  negroes;  illustrated  by  specimens,  photographs  and  charts. 

Elizabeth  H.  Dunn,  University  of  Chicago.  Some  findings  regarding  the  distri- 
bution of  splitting  medullated  nerve  fibers  in  the  peripheral  nervous  system. 

Tuesday,  December  28,  2  to  5  P.  M.  Demonstrations  as 
follows: 

Charles  R.  Essick,  Johns  Hopkins  University,  (a)  Specimens  showing  the  devel- 
opment of  the  arcuate  nuclei  in  the  human  embryo;  (6)  Dissections  to  show 
migration  of  cells  in  the  medulla  of  the  pig  embrvo. 

Susanna  Phelps  Gage,  Ithaca,  New  York.  Models  of  the  head  of  a  five-weeks 
human  embryo. 

Clarence  M.  Jackson,  University  of  Missouri.  Models  of  the  thoracic  and 
abdominal  viscera  of  the  human  embryo. 

John  B.  Johnston,  University  of  Minnesota.  Models  illustrating  the  cortical 
areas  in  fishes  and  amphibians. 

Frederick  T.  Lewis,  Harvard  Medical  School,  (a)  The  first  Ijonph  glands  in 
rabbit  and  human  embryos.  Specimens  and  models  illustrating  tae  relation 
of  the  atrioventricular  valves  to  the  interventricular  foramen. 

Stewart  Paton,  Princeton^  New  Jersey.  Preparations  showing  neurofibrillation 
in  relation  to  the  first  movements  of  the  vertebrate  embryo. 

William  S.  Miller,  University  of  Wisconsin.  Reconstruction  models  showing 
the  arrangement  of  the  cartilages  in  the  trachea  and  bronchi  of  the  Guinea 
pig.  (6)  Arrangement  of  the  muscle  in  the  trachea  and  at  the  carina 
tracheae  in  various  animals. 

S.  Walter  Ranson,  Northwestern  University  Medical  School.  Sections  of  the 
human  sciatic  nerve  showing  non-medullated  nerve  fibers. 

Florence  R.  Sarin,  Johns  Hopkins  University.  Specimens  showing  the  develop- 
ment of  the  structural  unit  in  the  embryo  pig's  spleen. 

J.  Parsons  Schaepfer,  Cornell  University  Medical  School,  (Ithaca,  New  York). 
Modelft  showing  the  development  of  the  lateral  wall  of  tne  nasal  cavitv  iii  man. 

Harold  D.  Senior,  College  of  medicine,  Syracuse  University.  A  method  of  obtain- 
ing orientation  points  in  serial  sections,  for  use  in  plastic  reconstructions. 

Charles  F.  Silvester,  Princeton  University.  Preparations  showing  the  presence 
of  permanent  lymphatico-venous  communications  at  the  renal  level  in  the 
South  Araierican  monkey. 

George  L;  Streeter,  University  of  Michigan.  Demonstrating  for  (a)  F.  H. 
Busby.  Models  showing  the  topography  of  the  cerebral  cortex  of  the  opossum. 
(6)  J.  H.  Stokes.  Two  models,  showing  the  facial,  vestibular  and  cochlear 
nerves  with  their  central  connections  in  the  opossum. 

(c)  H.  A.  Calhoun.    Models  of  the  medulla  oblongata  of  the  opossum. 

(d)  H.  W.  Stiles.    Model  showing  the  Ventricular  system  of  the  brain  of  the 
opossum. 

(e)  H.  N.  T.  Nichols.    Double  spinal  ganglia. 

John  L.  Bremer,  Harvard  Medical  School.  Demonstration  of  unit  room  No. 
203,  showing  equipment  and  material  used  in  the  first  year's  course  in  Embry- 
ology and  Histology  in  the  Harvard  Medical  SchooL 
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Members  of  the  staff  demonstrated  models  illustrating  vertebrate 
development;  made  by  students  in  the  Harvard  Laboratory  of  Com- 
parative Anatomy. 

Wednesday,  December  29,  9.30  a.  m.  to  1  p.  m.    Session  for 

THE    reading    of    PAPERS,    FlRST   ViCE-PrESIDENT   WiLLIAM    S. 

Miller  and  President  James  Playfair  McMurrich,  presid- 
ing. 

Elexious  T.  Bell.  University  of  Missouri.    On  the  staining  of  fat  in  muscle  fibers. 

Victor  E.  Emmel,  Washington  University  Medical  School.  Observations  on  the 
differentiation  of  regenerating  epidermal  and  striated  muscle  tissue  in  the 
lobster. 

Arthur  E.  Hertzler,  Kansas  City,  Missouri.    The  formation  of  fibrous  tissue. 

George  S.  Huntington,  Columbia  University  (New  York  City).  The  develop- 
ment of  the  thoracic  ducts  in  embryo  of  the  cat  (with  lantern  slides). 

Edwin  G.  Conklin,  Princeton  University.    Cell  size  and  nuclear  size. 

Jeremiah  G.  Ferguson,  Cornell  University  Medical  School  (New  York  City), 
1.  The  hypobranchial  arterial  system  in  the  Selachiae.  2.  The  thyroid  gland 
of  elasmobranchs,  with  special  reference  to  its  Vascular  supply. 

Clarence  M.  Jackson,  University  of  Missouri.  Electric  heating  for  laboratory 
apparatus. 

The  following  papers  announced  on  the  program  were  read  by 
title: 

Charles  S.  Mi  not,  Harvard  University.     Notes  on  an  early  stage  of  pregnancy. 

Herbert  M.  Evans,  Johns  Hopkins  University.  Note  on  the  development  of  the 
superficial  arteries  of  the  nead  in  the  human  embryo;  especially  the  occipi- 
talis, auricularis  posterior  and  temporalis  superficialis. 

Harvey  E.  Jordan,  University  of  Virginia.  A  further  study  of  the  human  umbil- 
ical vesicle. 

William  F.  Mercer,  Ohio  University.  Development  of  the  metacarpal  bones 
in  the  leg  of  the  sheep. 

12  to  1.  Address  by  Professor  Doctor  Franz  Weidenreich  of  Strassburg,  Germany, 
On  the  morphology  of  the  blood  cells  and  their  relation  to  each  other.  (Die 
Morphologie  der  Blutzellefi  und  ihre  Beziehungen  zu  einander.) 

This  address,  given  at  the  invitation  of  Professor  Minot  and 
the  Executive  Committee,  was  delivered  in  German.  At  its 
conclusion,  the  Association  extended  Professor  Weidenreich  a 
vote  of  thanks  and  appreciation. 

Wednesday,  December  29,  2  to  4  p.  m.  Demonstrations 
AS  follows: 

Elexious  T.  Bell,  University  of  Missouri.    Preparation  showing  fat  in  muscle 

fibers. 
Victor  E.  Emmel,  Washington  University  Medical  School.    Preparations  showing 

the  differentiation  of  regenerating  epidermal  and  striated  muscle  tissue  in  the 

lobster. 
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Jeremiah  S.  Febguson,  Cornell  University  Medical  School  (New  York  City), 
(a)  Dissection  of  the  hypobranchiai  system  of  the  dogfish.  (6)  Sections  and 
total  mounts  of  the  thyroid  gland  of  elasmobranchs. 

George  S.  Huntington,  Columbia  University  and  C.  F.  W.  McClure,  Princeton 
University.  Models  illustrating  the  development  of  the  jugular  lymph  sacs 
in  mammalia. 

Arthur  E.  Hertzler,  Kansas  City  Missouri.  Pieparations  and  drawings  show- 
ing the  formation  of  fibi  ous  tissue. 

Professor  Doctor  Weidenreich. — A  demonstiation  of  a  seiies  of  pieparations 
showing  the  morphology  of  the  blood  cells  and  their  relation  to  each  other. 

Wednesday,  December  29,  4  p.  m.     Business  Meeting. 

On  motion,  the  minutes  of  the  Secretary  as  published  in  the 
Anatomical  Record,  Vol.  Ill,  No.  1,  page  62  to  74,  were  approved. 
The  Treasurer  made  the  following  report  for  the  year  1909: 

Total  receipts  for  the  year  1909 S1381 .20 

Balance  on  hand  December  24, 1908 172 .  17 

Total $1553.37      $1553.37 

Expenses  of  the  Secretary.  Baltimoie  meeting $32.40 

Smoker,  Johns  Hopkins  Club 7 .60 

Postage  and  envelopes 26.20 

Wistar  Insi  itute  of  Anatom>  for  275  subscriptions  to  Ameri- 
can Journal  of  Anatomy  and  Anatomical  Record  at 

$4.50 1237.50 

Printing 19.40 

Total $1323.10        1323.10 


Balance  on  hand  December  23, 1909,  deposited  in  the  Far- 
mers and  Mechanics  Bank,  Ann  Arbor,  Michigan $230. 27 

August  G.  Pohlman  reported  for  the  Auditing  Committee: 
''We  have  examined  the  accounts  of  G.  Carl  Huber,  Secretary- 
Treasurer  for  the  year  1909  and  found  them  correct." 

On  motion  the  reports  of  the  Treasurer  and  of  the  Auditing 
Committee  were  accepted  and  adopted. 

James  Playfair  McMurrich  and  Ross  G.  Harrison,  members 
from  this  Association  of  the  International  Committee  on  Reforma- 
tion of  Myological  nomenclature,  reported  progress.  The  com- 
mittee was  continued. 

The  Committee  of  this  Association,  consisting  of  Charles  S. 
Minot,  Franklin  P.  Mall,  James  Playfair  McMurrich,  G.  Carl 
Huber,  George  A.  Piersol,  George  S.  Huntington,  in  charge  of 
arrangements  for  the  International  Congress  of  Anatomy  to  be 
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held  in  Brussels,  August  7  to  11,  1910,  through  its  Chairman,  Dr. 
Minot,  reported  progress. 

The  following  were  recommended  by  the  Executive  Committee 
for  election  to  membership  in  the  Association. 

Robert  P.  Bigelow,  Ph.D.,  Instructor  in  Biology  and  Librarian,  Massachusetts 

Institute  of  Technology. 
David  Cheever,  A.B.,  M.D.,  Demonstrator  of  Anatomy,  Harvard  Medical  School, 
H.  K.  Corning,  M.D.,  Professor  of  Anatomy,  Basely  Switzerland. 
Victor  E.  Emmel,  Ph.D.,  Instructor  in  Histology  and  Embryology,  Wc^hington 

University^  St.  Louis. 
Frederick  Etherington,  M.D.,  Professor  of  Anatomy,  Queen* s  University^  King- 
ston, Canada. 
William  S.  Halsted,  M.D.,  Professor  of  Surgery,  Johns  Hopkins  University. 
Davenport  Hooker,   M.A.,  Instructor  in  Anatomy,  Medical  Department,    Yale 

University. 
Franklin  P.  Johnston,  A.B.,  Austin  Teaching  Fellow,  Harvard  Medical  School. 
3.  F.  McClendon,  Ph.D.,  Assistant  in  Histology,  Cornell  University  Medical 

School,  New  York. 
Max  Morse,  Ph.D.,  Instructoi  in  Biology,  College  of  the  City  of  New  York. 
Ernest  Sachs,  A.B.,  M.D.,  Physician  and  Surgeon,  New  York  City. 
Daniel  M.  Shoemaker,  B.S.,  M.D.,  Associate  Professor  of  Anatomy,  St.  Ijouis 

University. 
James  M.  Stotsenburg,  M.D.,   Curator   and   Junior   Associate   in   Anatomy, 

Wistar  Institute. 
Frederick  Tilney,  A.B.,  M.D.,  Associate   in   Anatomy,    Columbia  University, 

New  York  City. 
I^ouis  Hill  Weed,  A.M.,  Johns  Hopkins  Medical  School.  Baltimore. 
Franz  Weidbnreich,  M.D.,  a.o.,  Protessor  and  Prosector  of  Anatomy,  Strass- 

hurg,  Germany. 

On  motion,  the  Secretary  was  instructed  to  cast  a  ballot  for 
election  to  membership  in  the  American  Association  of  Anatomists 
of  applicants  recommended  by  the  Executive  Committee.  Carried. 

The  Association  then  proceeded  to  the  consideration  of  the 
constitution  placed  before  this  Association  at  its  last  meeting 
by  the  committee  on  revision  of  the  constitution,  consisting  of 
G.  Carl  Huber  (Chairman),  Henry  H.  Donaldson  and  Robert  R. 
Bensley,  and  sent  to  each  member  at  least  one  month  in  advance 
of  this  meeting  as  provided  for  in  Section  2,  Article  VII,  of  the 
constitution. 

On  motion,  the  constitution  proposed  by  the  committee  was 
considered  article  for  article.  Each  article  was  voted  on  sepa- 
rately and  adopted  as  proposed  or  as  amended.  In  conclusion 
the  entire  constitution  was  unanimously  adopted  as  a  whole,  in 
the  following  form: 
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CONSTITUTION. 

ARTICLE   I 

Section  1.  The  name  of  the  Society  shall  be  "The  American 
Association  of  Anatomists''. 

Sec.  2.  The  purpose  of  the  Association  shall  be  the  advance- 
ment of  anatomical  science. 

ARTICLE  n 

The  officers  of  the  Association  shall  consist  of  a  President,  a 
Vice-President,  and  a  Secretary,  who  shall  also  act  as  Treasurer. 
The  President  and  the  Vice-President  shall  be  elected  for  two 
years,  the  Secretary  for  four  years.  In  case  of  absence  of  the 
President  and  Vice-President,  the  senior  member  of  the  Execu- 
tive Committee  shall  preside.  The  election  of  all  the  officers 
shall  be  by  ballot. 

ARTICLE   III 

The  management  of  the  affairs  of  the  Association  shall  be  dele- 
gated to  an  Executive  Committee,  consisting  of  eleven  members, 
including  the  officers.  Two  members  of  the  Executive  Committee 
shall  be  elected  annually,  and,  so  far  as  possible,  election  of  mem- 
bers of  the  Executive  Conmiittee  shall  be  in  proportion  to  the 
geographical  distribution  of  members.  Five  shall  constitute  a 
quorum  of  the  Executive  Committee. 

ARTICLE    IV 

The  Association  shall  meet  at  least  annually,  the  time  and  place 
to  be  determined  by  the  Executive  Committee.  The  annual 
meeting  for  the  election  of  officers  shall  be  the  meeting  of  con- 
vocation week,  or  in  case  this  is  not  held,  the  first  meeting  after 
the  new  year. 

ARTICLE   V 

Section  1.  Candidates  for  membership  must  be  persons 
engaged  in  the  investigation  of  anatomical  or  cognate  sciences, 
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and  shall  be  proposed  in  writing  to  the  Executive  Conunittee 
by  two  members,  who  shall  accompany  the  recommendations  by 
a  list  of  the  candidate's  publications,  together  with  references. 
Their  election  by  the  Executive  Committee,  to  be  effective,  shall 
be  ratified  by  the  Association  in  open  meeting. 

Sec.  2.  Honorary  members  may  be  elected  from  those  who 
have  distinguished  themselves  in  anatomical  research.  Nomi- 
nations by  the  Executive  Conmiittee  must  be  unanimous  and 
their  proposal  with  a  reason  for  recommendations  shall  be  pre- 
sented to  the  Association  at  an  annual  meeting,  a  three-fourths 
vote  of  members  present  being  necessary  for  an  election. 

ARTICLE   VI. 

The  annual  dues  shall  be  five  dollars.  A  member  in  arrears  for 
dues  for  two  years  shall  be  dropped  by  the  Secretary  at  the  next 
meeting  of  the  Association,  but  may  be  reinstated  at  the  discre- 
tion of  the  Executive  Committee  on  payment  of  arrears. 

ARTICLE   VII. 

Section  1.  Twenty  members  shall  constitute  a  quorum  for 
the  transaction  of  business. 

Sec.  2.  Any  change  in  the  constitution  of  the  Association 
must  be  presented  in  writing  at  one  annual  meeting  in  order  to 
receive  consideration  and  be  acted  upon  at  the  next  annual  meet- 
ing; due  notice  of  the  proposed  change  to  be  sent  to  each  member 
at  least  one  month  in  advance  of  the  meeting  at  which  such  action 
is  to  be  taken. 

Sec.  3.  The  ruling  of  the  Chairman  shall  be  in  accordance 
with  ^'Robert's  Rules  of  Order.'' 

The  orders  adopted  by  this  Association,  which  read  as  follows, 
were  not  altered : 

Newlv  elected  members  must  qualify  by  pajrment  of  dues  for  one  year  within 
thirty  days  after  election. 

The  maximum  limit  of  time  for  the  reading  of  papers  shall  be  twenty  minutes. 

The  Secretary  and  Treasurer  shall  be  allowed  his  tiaveling  expenses  and  the  sum 
of  $10  toward  the  payment  of  his  hotel  bill,  at  each  session  of  the  Association. 

That^ihe  Association  discontinue  the  separate  publication  of  its  proceedings 
and  that  the  Anatomical  Record  be  sent  to  each  member  of  the  Association,  on 
payment  of  nis  annual  dues,  this  journal  to  publish  the  proceedings  of  the  Associa- 
tion. 
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Charles  S.  Minot,  as  Chairman  of  the  Committee  on  nomina- 
tions, placed  before  the  Association  the  following  nominations: 

President George  A.  Piersol. 

Vice-President, Charles  F.  W.  McClure. 

Secretary 'Treasurer, • G.  Carl  Huber. 

For  Members  of  the  Executive  Committee. 

Irving  Hardestt,  Robert  J.  Terry, 

Warren  H.  Lewis,  Frederick  T.  Lewis. 

On  motion,  the  Secretary  was  instructed  to  cast  a  ballot  for  the 
election  to  the  respective  offices  of  the  members  nominated  by  the 
Committee  on  nominations. 

Charles  S.  Minot  moved  ^'That  the  American  Association  of 
Anatomists  recommend  to  the  International  Congress  of  Anatomy 
the  appointment  of  an  International  Committee  to  revise  embryo- 
logical  nomenclature  and  prepare  a  list  of  standard  terms.'' 
Seconded  and  carried. 

On  motion  of  Thomas  G.  Lee,  the  business  meeting  was 
adjourned. 

Thursday,  December  30,  9:30  a.m.  to  1  p.m.  Session  for  the 

READING   OF   PAPERS,     SeCOND     ViCE-PrESIDENT,    FLORENCE     R. 

Sarin,    and    the    President,  James  Playfair   McMurrich, 

PRESIDING.     The  FOLLOWING  PAPERS  WERE  PRESENTED: 

J.  F.  McClendon,  Cornell  University  Medical  School  {New  York  City).    The  toti- 

potency  of  the  first  two  blastomeres  of  the  frog's  egg. 
J.  Parsons  Schaeffer,  Cornell  University  Medical  School  (Ithaca).    Or  the  genesis 

of  air  cells  in  the  nasal  conchae. 
George  S.  Huntington  and  H.v.W.  Schulte,  Columbia  University  (New  York 

City).    Contribution  to  the  morphology  of  the  mammalian  salivary  glands. 

1.  H.  v.  W.  Schulte.     Development  of  the  salivary  glands  of  the  cat. 

2.  George  S.  Huntington.    Anatomy  of  the  salivary  glands  in  primates. 
(Only  a  brief  abstract  presented.) 

Leo  Loeb  and  William  F.  H.  Addison,  University  of  Pennsylvania.    The  trans- 
plantation of  skin  of  the  Guinea  pig  and  the  pigeon  into  other  species. 
Charles   R.   Stockard,    Cornell   University  Medical  School   (New   York  City). 

1.  The  influence  of  alcohol  and  other  anaesthetics  on  the  developing  embryo. 

2.  The  independent  origin  and  self  differentiation  of  the  crystalline  Tens. 
George  L.  Streeter,  University  of  Michigan.     A  new  method  of  dissection  of 

the  spinal  cord  and  brachial  plexus  (Lantern  slides).. 
Robert  J.  Terry,  Washington  University  Medical  School.    The  morphology  of  the 

pineal  region  in  fishes. 
John  Warren,  Harvard  Medical  School.    On  the  paraphysis  and*pineal  region  in 

lacerta  and  chrysemis  marginata. 
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Franklin  P.  Johnston,  Harvard  Medical  School,    Development  of  the  glands  and 

villi  of  the  human  digestive  tract. 
Leonard  W.  Williams,  Harvard  Medical  School.    The  somites  of  the  chick. 
James  Murphy,  Johns  Hopkins  Medical  Scliool.    On  the  relation  of  the  sulcus 

lunatus  to  the  visual  area  in  the  negro  and  white  brains. 
G.  Carl  Huber,   University  of  Michiaan.     (Only  brief  abstracts  presented). 

1.  On  the  relation  of  the  notochord  to  the  anlage  of  the  pharyngeal  bursa. 

2.  A  note  concerning  the  caudal  end  of  the  notochord  in  human  embryos. 

3.  Concerning  embryonic  remains  of  the  caudal  end  of  the  neural  canal  in  the 
human  embryo. 

The  following  papers  announced  were  read  by  title : 

Charles  F.  Silvester,  Princeton  University,  On  the  presence  of  permanent 
lymphatico-venous  communications  at  the  renal  level  in  the  South  American 
monkeys. 

Frederick  Tilney,  Columbia  University  (New  York  City).  Comparative  histol- 
ogy of  the  hypophysis. 

Charles  R.  Bardeen,  University  of  Wisconsin.  Pi  actical  state  board  examination 
in  anatomy. 

Owing  to  the  absence  of  Dr.  Bardeen  and  at  the  suggestion  of 
the  Executive  Conmiittee,  the  Association  voted  that  Dr.  Bar- 
deen's  paper  be  printed  in  the  Anatomical  Record  and  that  the 
President  appoint  a  committee  to  collect  data  and  consider  the 
question  of  State  Board  examinations  and  report  to  this  Associa- 
tion at  a  future  meeting. 

The  President  appointed  as  such  Committee,  Charles  R.  Bar- 
deen (Chairman),  Franklin  P.  Mall,  and  George  A.  Piersol. 

Thursday,  December  29,  2  to  5  p.m.  Demonstrations 
AS  follows: 

Robert  J.  Terry,  Washington  University  Medical  School,  (a)  Specimens  and 
drawings  illustrating  the  morphology  of  the  pineal  region  in  teleosts.  (6) 
The  velum  trans versum  of  Opsanus,  a  true  choroid  plexus. 

John  Warren,  Harvard  Medical  School.  Models  showing  the  paraph ysis  and 
pineal  region  in  lacerta  and  chrysemis  marginata. 

CHARLEe  R.  Stockard,  Cornell  University  Medical  School  (New  York  City.) 
A  sagittal  section  of  a  2.2  mm.  human  embryo  with  8  primitive  se^ents. 

H.  V.  W.  ScHULTE,  Columbia  University  (New  York).  Preparations  illustrating 
the  development  of  the  salivary  glands  in  the  cat. 

Clarence  M.  Jackson,  University  of  Missouri.  Electric  heater  and  thermo- 
regulator  for  paraffin  ovens. 

Leo  Loeb  and  William  H.  F.  Addison,  University  of  Pennsylvania.  Microscopic 
preparations  of  the  skin  of  Guinea  pig  and  pigeon  after  transplantation  to 
other  species. 

Franklin  P.  Johnson,  Harvard  Medical  School.  Models  showing  the  develop- 
ment of  glands  and  villi  of  the  human  digestive  tract. 
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Charles  A.  Todd,  Washington  University  Medical  SckooL  Specimens  illustrat- 
ing a  plan  for  a  human  anatomical  museum. 

G.  Carl  Huber,  University  of  Michigan.  Prepaiations  showing  (a)  The  rela- 
tion of  the  notochord  to  the  anlage  of  the  pharyngeal  bursa;  (6)  The  caudal 
end  of  the  notochord  in  human  embryos ;  (c)  Embryonic  remains  of  the  caudal 
end  of  the  neural  canal  in  human  embiyos. 

G.  Carl  Huber,  Secretary'Treasurer, 
American  Association  of  Anatomists. 
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NOTE  ON  THE  SULCUS  LUNATUS  IN  NEGRO  AND 
WHITE  BRAINS  AND  ITS  RELATION  TO  THE 
AREA  STRIATA 

JAMES  B.  MURPHY 

From  the  Anatomical  Laboratory  of  the  Johns  Hopkins  University 

WITH  SIXTEEN  TEXT  FIGURES 

The  recent  critical  work  of  Professor  Mall^  on  the  evidences  of 
any  racial  characteristic  of  the  brain  that  can  be  made  out  by  our 
present  methods,  involving  as  it  does  both  his  own  work  and  an 
analysis  of  the  evidence  in  the  literature,  must  make  one  skeptical 
of  results  that  are  positive  in  their  nature. 

Probably  no  area  of  the  cortex  has  been  subjected  to  so  much 
study  as  the  occipital  cortex,  in  the  hope  of  some  evidence  of 
racial  characteristics.  In  1904  Elliott  Smith^  suggested  a  method 
of  study  of  the  occipital  lobe  which  appeals  to  reason  as  being  a 
little  less  crude  than  the  methods  of  weighing  and  comparing  sur- 
face form  and  folds,  and  one  that  yielded  Professor  Smith  results 
which  stimulate  a  further  application  of  the  method.  The  method 
in  a  word  is  this :  the  histological  picture  of  the  cortex  in  the  cal- 
carine  region,  namely,  the  visual  area,  is  sufficiently  marked  to 
be  distinguished  in  thin,  freehand  sections  of  a  fresh  brain,  or  of 
a  brain  hardened  in  formalin.  The  characteristic  of  this  area  is  the 
so-called  stripe  of  Gennari  or  line  of  Vicq  d'Azyr.  This  stripe 
is  readily  seen  with  the  naked  eye  and  Smith  pointed  out  that 
its  limits  are  sharp  rather  than  indefinite,  so  that  it  is  not  necessary 
to  stain  sections  for  fibers  by  the  Weigert  method  in  order  to  mark 
out  the  area  striata.  Having  marked  out  the  area  striata  by  means 
of  freehand  sections,  he  studied  the  sulci  of  the  calcarine  area 

'  Mall.  On  several  anatomical  characters  of  the  human  brain,  said  to  vary 
according  to  race  and  sex,  with  especial  reference  to  the  weight  of  the  frontal 
lobe.     Amer.  Journ.  of  Anal. y  vol.  9,  1909. 

^  Smith.  Morphology  of  the  retro-calcarine  region  of  the  cortexcerebri.  Studies 
in  morphology  of  the  human  brain.  No  1.  The  occipital  region.  Records  of 
Egypt,  Gov.  School  of  Med.,  vol.  11,  1904.  New  studies  of  the  folding  of  the  occi- 
pital sulci  in  human  brain.     Journ.  of  Anal,  and  Physiology,  vol.  41,  p.  198,  237. 
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from  the  point  of  view  of  their  relations  to  the  area  striata.  In 
the  following  points,  which  can  be  seen  in  fig.  1,  Smith  sharpens 
our  definitions  of  the  region  (fig.  1-A.)  The  calcarine  fissure,  mak- 
ing the  well-known  stem  of  the  Y,  forms  the  limiting  anterior 
boundary  of  the  area  striata  in  most  human  brains,  which  agrees 
with  the  findings  of  both  Flechsig^  and  Campbell.*  Its  corre- 
sponds to  the  calcar  avis  and  is  primitive  in  type.  Its  develop- 
ment corresponds  to  the  differentiation  of  the  cortex  of  the  area 
(fig.  1-B.)  The  continuation  of  the  calcarine  fissure,  namely, 
the  retrocalcarine  sulcus,  is  to  be  defined  as  a  sulcus  within  the 
area  striata,  not  bounding  it,  and  the  foldings  of  the  area  striata 
into  retrocalcarine  sulci  is  subject  to  great  variations  (fig.  1-C). 
The  retrocalcarine  sulcus  usually  extends  around  the  occipital 
pole  from  the  mesial  surface  to  the  lateral  surface.  This  exten- 
sion has  been  well-named  by  Cunningham,  the  external  calcarine 
sulcus.  Likewise,  the  area  striata,  surrounding  this  external 
calcarine  sulcus,  extends  around  the  pole  of  the  occipital  lobe  to 
the  lateral  surface  of  the  brain  and  usually  comes  into  relation 
to  a  curved  sulcus,  which  Smith  calls  the  lunatus,  thehomologueof 
the  Affenspalte. 

This  study  was  begun  to  test  the  relation  of  the  area  striata  to 
the  sulcus  lunatus,  which  it  will  be  seen  is  a  reaching  out  toward 
comparing  the  histological  structure  of  different  brains.  The 
number  of  brains  studied  has  been  extremely  small,  but  since 
the  work  is  unavoidably  interrupted  for  a  few  years,  it  was 
deemed  best  to  publish  the  results  that  have  been  obtained. 

The  sulcus  lunatus  Professor  Smith  considers  definitely 
related  to  the  area  striata.  To  quote  his  words:  *'  In  all  mammals 
(with  the  exception  of  man  in  some  cases)  the  stripe  of  Gennari 
extends  to  the  lateral  aspect  of  the  hemisphere.  In  apes,  and  in 
most  cases  in  man  also,  the  anterior  crescentic  edge  of  this  area 
striata  pushes  itself  forward  in  such  a  manner  that  a  deep  cleft,  a 
simple  sulcus  or  a  mere  pucker  is  formed  in  front  of  the  advancing 

'  Flechsig.  Ueber  Untersuchungs-methoden  der  Grosshirnrinde.  Berichte 
math-phys.  Klasse  d.  K.  Sachs.  Gesellschaft,  Leipzig,  1904,  and  Arch.  f.  Anat.  u. 
Phys.,  Anat.  Abt.  1905. 

*  ('ampbcU.  The  Localization  of  cerebral  function.  Cambridge  University 
Press. 
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edges,  like  a  trough  in  front  of  a  wave.  This  trough  is  often 
bridged  by  one  or  several  folds  separating  the  deeper  parts  one 
from  the  other  ....  The  sulcus  lunatus  is  a  depression  formed 
by  the  forward  projection  of  the  cortical  area  containing  the 
striata  of  Gennari/'  It  is  found  in  many  forms  and  positions  on 
the  surface  of  the  brain. 

The  material  for  this  work  was  selected  at  random  from  the 
collection  in  the  anatomical  department  of  the  Johns  Hopkins 
University.  The  drawings  were  made  and  the  area  striata  was 
plotted  before  the  records  of  the  race  were  looked  up,  in  all  but 
one  or  two  cases  in  which  brains  were  chosen  to  even  up  the  series, 
so  as  to  rule  out  the  personal  equation  as  much  as  possible.  There 
were  however  no  records  kept  in  the  department  to  show  the 
type  of  negro,  whether  full-blooded  or  mulatto.  The  drawings  are 
geometrical  tracings,  made  by  means  of  the  very  accurate  pro- 
jecting apparatus  made  by  Hermann  of  Zurich.  Great  care  was 
taken  to  get  the  brains  in  as  uniform  a  position  as  possible.  In 
plotting  the  area  striata,  very  thin  sections  were  made  with 
a  razor,  perpendicular  to  the  surface  of  the  cortex  and  extending 
just  through  the  gray  matter,  after  the  manner  Smith  describes. 
My  experience  agrees  with  Professor  Smithes  in  regard  to  the  definite- 
ness  with  which  the  area  striata  can  be  marked  out  with  the  naked 
eye  (see  Journ,  of  Anat.  and  Phys,,  vol.  41,  p.  240).  I  have  not 
controlled  the  findings  with  Weigert  sections.  Starting  with  the 
anterior  calcarine  region  and  working  back  through  the  posterior 
and  external  calcarine  sulci,  these  sections  were  taken  at  regular 
intervals,  plotted  and  replaced  in  order  to  keep  the  brain  intact. 
Except  in  a  few  poorly  preserved  brains,  the  stripe  of  Gennari 
showed  up  so  distinctly  that  there  was  little  trouble  in  making  it 
out. 

The  type  of  the  drawings  made  is  shown  in  fig.  1 .  The  mesial 
surface  of  the  two  slides  was  carefully  drawn  by  the  projection 
apparatus,  then  the  lobes  fitted  together,  and  a  third  tracing  of 
the  sulci  was  made,  looking  directly  own  on  the  occipital  pole, 
The  circle  in  fig.  1-B  shows  the  area  used  in  the  other  illustrations. 
The  shaded  region  is  that  part  of  the  cortex  bearing  the  stripe  of 
Gennari.  The  mesial  surface  drawings  of  the  other  brains  are 
not  shown,  as  the  extent  in  the  two  races  is  practically  the  same. 
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In  studying  the  series  of  ten  negro  brains  (figs.  1  to  10)  certain 
points  are  readily  seen  in  the  drawings.  First,  as  Smith  pointed 
out,  there  is  a  great  variation  both  in  the  extent  of  the  area  striata 
on  the  lateral  surface  of  the  brain  and  in  its  relation  to  the  sulcus 
lunatus.  The  sulcus  lunatus  tends  to  be  more  definite  on  the  left 
side  than  on  the  tight  (see  figs.  7  and  8).  As  was  noted  by  Smith, 
the  area  may  touch  the  sulcus,  but  more  often  does  not  quite 
reach  it.  In  the  series  of  ten  negro  brains,  there  is  a  definite 
lunatus  making  an  anterior  boundary  for  the  area  striata  on  the 
left  side  in  eight  cases,  and  a  doubtful  one  in  two  (figs.  3  and  9). 
In  fig.  3  the  limiting  sulcus  (X)  is  slightly  farther  from  the  area 
striata;  while  in  fig.  9  it  is  very  small.  On  the  right  side  there  is 
a  definite  lunatus  in  three  brains,  figs.,  1,  4  and  6,  a  possible  one  in 
four,  figs.  2,  5,  9,  and  10,  while  in  three,  figs.  3,  7  and  8,  no  definite 
lunatus  in  made  out.    Fig.  10  is  from  a  mulatto. 

In  the  series  of  six  white  brains,  the  area  striata  on  the  lateral  sur- 
face is  somewhat  less  extensive  than  in  the  negro  series.  The 
presence  of  a  sulcus  lunatus  is  certainly  not  as  marked  as  in  the 
other  series.  In  one  brain  (fig.  16),  it  is  very  definite  on  the  right 
side,  and  is  probaly  present  in  the  left,  and  it  is  interesting  to  note 
that  this  is  the  brain  of  an  undersized  man,  who  from  the  state- 
ments of  the  hospital  history  was  probably  a  degenerate.  In  this 
case  the  striated  area  is  much  more  extensive  than  in  the  other 
white  brains.  All  of  the  rest  must  be  regarded  as  having  a  most 
indefinite  lunatus  or  none.  The  unbroken  extension  of  the  pos- 
terior calcarine  sulcus  to  the  lateral  surface,  though  present  in 
several  instances  at  least  on  one  side,  is  less  often  noted  than  in 
the  negro  series.  There  are  in  several  instances  crescentic  folds 
in  these  white  brains  which  might  possibly  be  considered  the 
lunatus.  I  have  not  so  classified  them  because  they  are  some 
distance  from  the  area  and  bear  no  constant  relation  to  it  and 
hence,  in  my  judgment,  should  not  be  classed  as  the  sulcus  lunatus. 

Duckworth,*  in  his  article  on  the  brains  of  aboriginal  natives  of 
Australia,  found  that  the  retrocalcarine  sulcus  was  continued  to  the 
lateral  aspect  of  the  hemisphere  in  37.5  per  cent  of  the  cases^ 

■  Duckworth.  Brains  of  the  aboriginal  natives  of  Australia.  Journ  Anat,  and 
Phys.f  January,  1909. 
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This  extension  he  regards  as  a  simian  characteristic.  He  finds  it 
occurs  much  more  often  on  the  left  side  than  on  the  right.  The 
simian  sulcus,  occipitalis  lunatus,  is  more  frequently  found  on  this 
side  also.  These  same  facts  have  been  observed  in  my  series  of 
negro  brains. 

From  this  limited  series  it  would  seem  that  the  sulcus  lunatus 
is  often  the  anterior  limit  of  the  visual  cortex  on  the  lateral  surface 
of  the  brain  but  cannot  be  regarded  as  nearly  so  constant  as  the 
relations  of  the  calcarine  fissure  and  retrocalcarine  sulcus  In 
contrasting  the  two  series  for  racial  distinctions,  while  it  is  true 
that  the  negro  series  shows  a  tendency  to  a  more  marked  lunatus, 
it  cannot  be  regarded  as  a  racial  characteristic  since  there  are 
negro  brains  without  it,  and  a  white  brain  with  a  definite  lunatus. 
This  study  however,  confirms  Smithes  idea  that  the  above  method 
brings  out  the  variations  in  the  visual  area,  which,  whether  racial 
or  individual,  it  is  worth  while  to  investigate. 
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Fig.  1.  Tracings  of  the  occipital  lobe  showing  the  area  striata  (shaded)  both 
on  the  mesial  and  lateral  surfaces.     Brain  of  a  negro  (Col.  No.  3027). 

F.  C,  fissura  calcarina;  S.  R.  C.  sulcus  retrocalcarinus;  S.  C.  E.,  sulcus  cal- 
carinus  externus;  S.  L.,  sulcus  lunatus. 

Figs.  2  to  10.  Tracings  of  the  occipital  pole  of  negro  brains,  showing  the  area 
striata  on  the  lateral  surface. 

S.  L.  sulcus  lunatus;  X,  a  possible  sulcus  lunatus. 
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Fig.  10 
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Fig.  16 


FiG8. 11  to  16.    Tracings  of  the  occipital  pole  of  white  brains,  showing  the  area 
striata  on  the  lateral  surface. 
S.  L.,   sulcus  lunatus. 
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THE  HISTOLOGY  OF  THE  NASAL  MUCOUS  MEMBRANE 

OF  THE  PIG* 

NATHANIEL  ALCOCK 

From  the  Zodlogical  LaborcUory  of  Northwestern  University 

WITH  FIFTEEN  FIGURES 

With  the  introduction  of  the  methylene  blue  and  the  Golgi 
methods  there  began  a  new  era  of  investigating  nervous  tissues. 
When  these  methods  were  applied  to  the  histology  of  the 
nasal  mucous  membrane,  they  made  clear  for  the  first  time  the 
connection  of  undoubted  olfactory  fibers  with  the  sensory  cells. 
Prior  to  the  use  of  these  methods  a  number  of  interesting  observa- 
tions on  the  structure  of  the  nasal  epithelium  had  been  made — 
extending,  in  fact,  over  a  period  of  thirty  years — ^but  the  results 
obtained  have  been  largely  superseded  by  later  investigations. 

The  pioneer  group  of  researches  upon  the  nasal  mucous  membrane 
includes  the  work  of  Eckhard  ('55),  Ecker  ('55),  Max  Schultze  ('56, 
'62),  Exner  ('72),  Cisoflf  ('74),  and  von  Brunn  ('75,  '80). 

The  papers  of  this  period  worthy  of  greatest  consideration  are  those 
of  Max  Schultze.  In  1856^  he  made  the  first  good  analysis  of  the  his- 
tology of  the  nasal  mucous  membrane,  observing  all  classes  of  vertebrates 
and  giving  sketches  of  two  kinds  of  cells  in  the  pike,  frog,  owl  and  man. 
His  figures  were  so  good  that  two  of  them  (of  frog  and  man)  have  been 
frequently  republished. 

The  two  kinds  of  cells  that  he  designated  are  (a)  six-sided  prismatic 
supporting  elements — non-ciliated  in  the  olfactory  region,  but  ciliated 
in  the  respiratory  region,  and  (6)  true  olfactory  cells  with  a  large  body, 
a  slender  peripheral  process,  and  very  fine  central  process  showing  vari- 
cosities. He  was  the  first  to  claim  that  the  olfactory  cells  were  the  only 
percipient  elements  of  the  sense  of  smell.     He  supposed  their  central 

*  Contribution  from  the  Zoological  Laboratory  of  Northwestern  University 
under  the  direction  of  William  A.  Locy. 

*  Monatsber.  d.  K,  Preuss.  Akad.  d.  Wiss.  zu  Berlin,  November,  1856.  Pp. 
504-514. 
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fibers  were  the  true  olfactory  fibers  but  was  unable  to  trace  them  to  the 
olfactory  bulb.  He  found  olfactory  hairs  on  the  sensory  cells  of  the 
frog  but  not  on  those  of  mammals.  He  also  saw  stellate  cells  which  he 
likened  to  the  ganglionic  cells  of  the  retina.  His  paper  of  1862'  of  ninety- 
four  pages  and  five  lithographed  plates  is  an  extension  of  his  earlier 
observations  and  embraces  observations  on  all  classes  of  vertebrates. 

It  was  in  1886  that  Ehrlich  published  his  paper  on  the  methylene  blue 
method  and  described  its  reaction  toward  several  types  of  nerve-cells, 
among  them  the  olfactory  sensory-cells.  He  described  these  briefly, 
paying  special  attention  to  the  central  processes  of  the  cells  which  he 
observed  passing  downwards  between  the  central  processes  of  tiie  sup- 
porting cells  into  the  submucosa  and  there  being  continued  as  the  small 
fibers  of  the  olfactory  nerve.  This  was  an  ocular  demonstration  of  the 
connection  that  Max  Schultze  had  assumed  to  exist.  The  foUo^dng 
year  Arnstein,  employing  the  same  method,  published  a  paper  in  which 
he  described  the  connection  of  the  olfactory  cells  with  the  olfactory  nerve 
and  thus  agreed  with  Ehrlich. 

In  1887,*  Dogiel  published  the  results  of  his  work  on  the  olfactory 
organ  of  ganoids,  teleosts,  and  amphibians.  His  observations  indicate  a 
polymorphism  of  sensory  cells  of  the  olfactory  membrane.  He  described 
three  types  which  have  been  seen  by  several  other  observers  (Morrill, 
'98;  Jagodowski,  '01). 

The  observations  of  Grassi  and  Castronovo^  in  1889  by  the  applica- 
tion of  the  Golgi  method  to  the  olfactory  membrane  of  the  dog,  strength- 
ened the  conclusion  that  the  fibers  of  the  olfactory  nerve  are  connected 
directly  with  the  nerve-cells  of  the  olfactory  membrane.  They  described 
the  true  olfactory  cell  and  also  a  fine  varicose  central  process  descending 
in  a  curved  course  to  the  subepithelium  and  there  uniting  with  similar 
fibers  to  form  the  olfactory  nerve.  They  also  mentioned  free  nerve 
endings  in  the  nasal  mucous  membrane.  They  observed  no  anastomosis 
of  nerve  processes  although  they  did  show  in  their  figures  and  described 
in  their  text  one  case  where  two  sensory  cells  were  connected  by  one 
fiber.  They  held  that  the  supporting  cells  were  not  connected  with 
the  nerve  fibers.  They  described  the  histology  of  the  three  areas  of  the 
olfactory  membrane,  giving  particular  attention  to  the  boundary  or  inter- 
mediate zone,  concluding  that  in  the  adult  it  exhibited  the  embryonic 
characteristics  of  the  true  olfactory  region. 

» Arch.  f.  Mik,  Anal.    Bd.    27,  1886. 

*  Ahhandl  d.  Naturf.  Gesellsch.  zu  Halle.    Bd.  7. 

»  Arch,  f,  Mik.  Anat.    Bd.  34,  1889.     Pp.  385-390. 
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It  will  be  noted  that  up  to  this  time  investigators  had  generally  sup- 
posed that  the  direction  of  growth  of  olfactory  nerve  fibers  was  outward 
from  the  brain  to  the  olfactory  membrane.  In  the  year  1889  this  con- 
ception was  materially  changed  through  the  work  of  William  His  on 
the  development  of  nerve  fibers  and  also  through  that  of  Ramon  y 
Cajal.  The  latter  traced  fibers  of  the  olfactory  nerve  to  the  bulbus 
olfactorius  and  there  found  them  terminating  in  brush-like  ends  that 
commingle  with  the  dendrites  of  the  mitral  cells  and  form  the  olfactory 
glomeruli.  He  concluded  therefore  that  the  sensory  cells  in  the  olfac- 
tory membrane  are  the  cell  bodies  from  which  fibers  of  the  olfactory 
nerve  arise,  and  that  the  fibers  of  this  nerve  grow  not  from  the  brain  to 
the  membrane,  but  the  reverse. 

The  occurrence  of  free  nerve  endings  in  the  olfactory  membrane  was 
indicated  by  Cajal.  He  gives  a  sketch  showing  free  nerve  endings 
between  the  cells  of  the  olfactory  membrane.  Von  Lenhoss^k  observed 
similar  appearances  and  concluded  that  they  were  terminations  of  the 
trigeminal  nerve. 

The  work  of  Van  Gehuchten  (*90)  on  the  rabbit  and  that  of  Retzius 
(*92)  on  embryos  of  the  mouse,  cat,  dog  and  rabbit  and  his  further 
paper  in  1894  on  the  fishes  confirmed  the  work  of  previous  investigators, 
adding  certain  details  that  do  not  require  mention  here. 

Von  Brunn's  paper  of  1892*  dealing  with  the  nasal  membrane  of  the 
human  body  is  of  especial  interest.  This  observer  had  published  two 
previous  papers  on  the  anatomy  of  the  olfactory  apparatus,  one  in 
1875  (Dog,  Cat,  Rabbit,  Sheep,  Calf,  Fish,  Salamander)  and  another,  in 
1880  (Rabbit)  on  the  same  organ  in  the  rabbit.  The  third  paper  (1892) 
dealt  with  the  olfactory  apparatus  of  man.  He  gives  a  complete  analysis 
of  the  membrane,  describing  its  extent,  the  different  cells  found,  the 
limiting  membrane  (described  in  the  three  papers,  but  first  mentioned 
by  Sidky),  the  nasal  cells  and  the  connection  of  the  nerve  and  the  sensory 
element.  On  the  peripheral  ends  of  the  olfactory  cells  he  observed  from 
six  to  eight  short  pointed  hairs  but  was  unable  to  say  whether  or  not 
these  were  normal  structures  or  artefacts.  However,  he  thought  them 
to  be  normal  structures.  He  concluded  also  that  the  nerve  fibers  are 
in  connection  with  the  sensory-cells  only,  and  not  with  the  supporting 
elements. 

Jagodowski^  in  1901,  published  observations  on  the  olfactory  organ 

•  Arch.  f.  Mik.  Anat.     Bd.  29,  1887. 
'  Anat.  Am.    Bd.  19,  1901. 


Digitized  by 


Google 


126  NATHANIEL   ALCOCK 

of  the  pike.  He  described  three  types  of  sensory  elements  correspond- 
ing to  those  mentioned  by  Dogiel.  The  types  are  (a)  cylindrical  Riech- 
zdlen  of  Max  Schultze  with  slender  peripheral  processes,  (6)  Riech- 
stdbchen.  with  peripheral  processes  as  thick  as  the  cell-body,  and  (c) 
Riechzapferiy  short  cells,  near  the  outer  border  of  the  mucosa  and  lacking 
a  peripheral  process.  This  polymorphic  condition  of  olfactory  cells 
has  been  observed  by  Morrill  ('98,  Selachians)  and  Grassi  and  Castronovo 
have  pictured  a  cell  like  the  Zapfen  in  the  olfactory  membrane  of  the 
dog.  He  also  described  a  new  structure,  the  smell  whips.  According 
to  Jagodowski  each  type  of  olfactory  cell  bears  on  the  peripheral  end 
a  long  slender  whip-like  process  which  extends  into  the  nasal  cavity. 
He  also  saw  free  nerve  endings. 

Ballowitz^,  in  1904,  published  observations  on  Petromyzon  fluviatilis, 
which  corroborated  the  work  of  Retzius  (1880),  also  on  petromyaon. 
He  found  but  one  kind  of  sensory  elements  and  no  transitional  forms. 
According  to  his  observations  the  olfactory  cells  are  of  one  type  but 
vary  in  length  according  to  the  position  of  their  nuclei  in  the  membrane. 
On  their  peripheral  ends  he  saw  10  to  12  fine  pointed  hairs  which  are 
beautifully  represented  in  his  sketches.  He  observed  cilia  on  the  sup- 
porting cells. 

Work  on  the  development  of  the  nervous  elements  of  the  olfactory 
membrane,  such  as  that  of  Disse*  ('96)  and  Bedford^®  C04),  shows  con- 
clusively that  the  neuroblasts  of  the  olfactory  nerve  fibers  are  located 
within  the  membrane,  and  that  the  nerve  fibers  grow  from  the  nerve 
cells  toward  the  brain. 

Miss  Read's"  "Contribution  to  the  Knowledge  of  the  Olfactory 
Apparatus  in  Dog,  Cat  and  Man"  ('08),  embraces  the  study  of  the  gross 
anatomy  of  the  olfactory  nerve,  as  well  as  a  description  of  the  histologi- 
cal structure  of  the  olfactory  epithelium  illustrated  by  many  figures. 
Her  work  also  includes  a  study  of  the  organon  vomero-nasale.  Her 
sketches  of  the  sensory-cells  of  the  cat,  stained  with  methylene  blue, 
show  the  character  of  these  cells  very  well.  She  found  free  nerve 
terminations  in  the  olfactory  membrane,  which  she  regards  as  deriva- 
tives of  the  trigeminal  nerve.  She  determined  that  there  is  no  anasto- 
mosis of  the  nerve  fibers,  but  that  they  preserve  their  individuality 
from  the  nasal  epithelium  until  they  terminate  in  the  glomeruli  of  the 

« Arch.  f.  Mik.  Anat.    Bd.64,  1904. 

*  Marburg.    SiUungsbr.j  October,    1896. 

^^  Jour.  Com-p,  Neurol,  and  Psychol.^  vol.  xiv,  1904. 

"  Am.  Jour.  Anat.    May,  1908. 
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olfactory  bulb.  She  finds  in  the  epithelium  of  the  organon  vomero- 
nasale  cells  apparently  identical  with  the  sensory-cells  of  the  olfactory 
mucosa. 

More  extended  reviews  of  literature  are  found  in  Disse  {Ergeb.  d. 
Anat,  u.  ErUmckLf  Bd.  11,  1901),  Jagodowski  (AnaL  Anz,y  1901),  and 
Miss  Read  (Am.  Jour.  AnaLy  May,  1908).  The  last  mentioned  paper 
was  not  available  until  I  had  completed  my  work. 

OBSERVATIONS 

The  observations,  the  results  of  which  follow,  were  undertaken 
with  a  view  to  supplying  a  purely  objective  account  of  the  form 
of  the  various  cellular  elements  entering  into  the  composition  of 
the  nasal  mucous  membrane,  and  to  determine  their  normal 
arrangement.  The  work  was  begun  in  September,  1906,  in  the 
Zoological  Laboratory  of  Northwestern  University,  and  was  car- 
ried on  for  two  years.  From  the  beginning  it  has  been  under 
the  direction  of  Prof.  WiUiam  A.  Locy,  whom  I  wish  to  thank  for 
assistance  in  the  observations  and  preparation  of  the  manuscript. 
Observations  were  begun  on  the  rabbit,  but  by  comparison  the 
nasal  mucous  membrane  of  the  pig  was  found  to  give  better  pic- 
tures of  the  cellular  elements,  and  the  present  account  is  confined 
to  descriptions  of  pig  material.  I  also  had  for  comparison  a 
large  series  of  sections  of  the  nasal-mucous  membrane  of  the 
rabbit  made  by  Miss  Caroline  Jaycox. 

The  pig  material  used  consisted  of  embryos  from  six  to  twelve 
inches  long  obtained  from  the  uterus  of  the  parent  about  thirty 
minutes  after  the  latter  had  been  killed.  In  all  cases  the 
young  specimens  were  found  alive  and  in  good  condition.  After 
removal  from  the  uterus  the  head  of  the  embryo  was  severed 
from  the  body,  and  split  into  halves.  The  nasal  cavity  was 
opened  by  cutting  away  the  septum,  and  either  the  wholfe  placed 
in  the  fixing  or  macerating  fluid  or  the  turbinal  bones  removed 
and  placed  in  the  desired  Uquid. 

Two  general  methods  have  been  followed:  That  of  maceration 
and  that  of  the  study  of  sections. 

Several  of  the  standard  macerating  fluids  were  employed.  It 
was  found,  however,  that  25  per  cent  to  30  per  cent  alcohol  gave 
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good  results  with  this  material.  The  pieces  of  tissue  were  placed 
in  the  Uquid  for  a  period  of  thirty-six  to  forty-eight  hours  and  in 
a  few  cases  good  results  were  obtained  from  material  which  had 
remained  in  the  alcohol  from  seventy-two  to  ninety-six  hours. 
The  length  of  time  necessary  varies  with  the  age  of  the  pig.  The 
pieces  were  then  transferred  whole  to  a  solution  of  equal  parts 
of  50  per  cent  alcohol  and  glycerine  in  which  they  were  first 
teased  with  needles  and  then  shaken  vigorously  in  small  bottles. 
In  the  majority  of  cases  the  cells  were  found  floating  free  and  in 
clusters  in  the  Uquid.  To  the  solution  containing  the  isolated 
cells  were  added  a  few  drops  of  picro-carmine  which,  in  a  few 
hours,  stained  the  cells  very  satisfactorily.  A  few  drops  of  this 
material  was  then  mounted  and  the  coverslip  sealed  with  glycerine 
jelly  and  gold-size  cement. 

For  fixing  fluids  Van  Gehuchten^s,  Miiller's,  5  per  cent  formalin, 
formalin-acetic,  corrosive-acetic,  picro-sulphuric,  and  Zenker's 
were  used.  The  best  results  came  from  the  fixation  by  the 
Zenker  solution.  For  relatively  thick  sections  the  pieces  of 
material  were  imbedded  in  celloidin  and  for  thinner  sections  par- 
aflSn  was  used.  The  most  conunon  and  best  stains  used  were 
iron  alum  and  haematoxylin,  and  eosin  and  Delafield's  haematoxy- 
lin.     The  sections  range  from  three  to  eight  microns  in  thickness. 

The  larger  celloidin  sections,  after  imbedding,  were  decalcified 
in  5  per  cent  nitric  acid  for  twenty-four  hours. 

In  the  pig  there  are  five  chief  ethmo  turbinal  folds  each  of 
which  is  lobulated.  The  arrangement  exhibited  in  Fig.  1,  which 
is  a  drawing  of  a  section  cut  in  a  plane  perpendicular  to  the  long 
axis  of  these  folds  of  a  pig  embryo  twelve  inches  long,  is  as 
foUows:  The  five  main  folds  (F  1,  2,  3,  4,  5)  each  have  a  carti- 
lage supporting  tissue  covered  with  a  relatively  thick  epithelium. 
Each  fold,  with  the  exception  of  the  second,  extends  to  the  side 
wall  of  the  cavity.  The  lateral  surfaces  of  the  several  main  folds 
are  elevated  into  ridges  which  run  horizontally.  The  first  main 
fold  shows  12  of  these  ridges.  The  second,  which  seems  to  be  a 
division  of  the  first,  8;  the  third,  11;  the  fourth,  7;  the  fifth,  4. 
Between  the  second  and  third  main  folds  are  two  smaller  ones 
(F  6  and  7) ;  between  the  third  and  fourth  and  between  the  fourth 
and  fifth  are  also  seen  smaller  folds  (F  8,  9). 
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In  fresh  material  of  the  stages  examined  the  epithelium  of  the 
nasal  cavity  is  apparently  of  uniform  color.  It  was  not  possible  to 
distinguish  areas  of  a  yellowish  tint  indicating  the  distribution 
of  the  olfactory  cells,  as  has  been  observed  in  many  vertebrates. 

The  epitheUum  in  fresh  condition  is  so  tender  that  it  is  almost 
impossible  to  remove  it  from  the  cartilage  upon  which  it  lies,  but 
after  fixation  with  Zenker's  fluid  this  can  easily  be  done  even 
from  the  turbinal  folds.  However,  it  was  found  that  the  epithe- 
lium of  these  folds  could  best  be  sectioned  by  leaving  it  attached 
to  the  cartilage  and  dividing  the  entire  piece  into  six  to  eight 
blocks. 

As  there  is  no  easily  discernible  color  variation  in  the  different 
parts  of  the  nasal  mucous  membrane  of  pigs  of  this  age,  the  dif- 
ferent areas  can  be  distinguished  only  by  a  study  of  their  finer 
anatomy.  On  the  basis  of  the  thickness  of  the  epithelium  and 
of  its  component  elements  two  regions  can  easily  be  distin- 
guished. One,  designated  by  the  earlier  investigators  as  the 
respiratory  region,  includes  the  epithelium  of  the  outer  side,  the 
upper,  and  the  lower  walls  of  the  nasal  cavity  and  certain  parts 
of  the  turbinal  folds  and  of  the  septum.  The  second,  the  olfac- 
tory region,  embraces  the  sensory  epithelium  found  on  the  tur- 
binal folds  and  parts  of  the  septum.  My  study  of  its  structure 
was  limited  to  that  part  on  the  ethmo-turbinal  folds.  A 
third  area,  the  intermediate  zone,  described  at  length  by  Grassi 
and  Castronovo  in  the  dog,  can  be  distinguished  in  the  pig. 

Respiratory  Region.  The  epithelium  of  the  respiratory  region 
(Fig.  2)  is  from  .037  to  .041  mm.  in  thickness,  It  is  composed  of 
two  kinds  of  cells,  cylindrical  epithelial  cells  {Sup,  C)  and  the 
basal  cells  {Bas.  C).  The  cylindrical  cells  (see  also  Fig.  3)  extend 
across  the  epithelium  from  the  free  surface  to  the  basement 
membrane.  Their  large  oval  nuclei  he  a  httle  above  the  middle 
horizontal  plane  of  the  section.  The  majority  of  them  show  a 
large  oval  nucleolus.  The  peripheral  process  of  each  cell  extends 
to  the  surface  where  it  expands  slightly  into  a  dome-shaped  disc 
above  the  limiting  membrane.  On  this  disc  are  found  fifteen  to 
twenty-five  slender  hairs  (CiL)  which  average  about  .0065  mm. 
in  length.     The  central  process    {Cen,  Pr.)  of  each  cylindrical 
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cell  extends  from  the  region  of  the  nucleus  almost  to  a  pointed 
end  which  rests  on  the  basement  membrane.  These  cells  show 
no  branching  or  forking.  In  the  spaces  between  the  pointed  ends 
are  the  basal  cells  (Bos.  C.)  which  are  conical  in  shape  with  their 
large  bases  turned  toward  the  basement  membrane.  The  nuclei 
of  the  latter  are  spherical. 

The  sub-mucosa  of  this  respiratory  region  is  from  two  to  three 
times  the  thickness  of  the  epitheUum  itself.  It  is  made  up  of 
loose  elastic  connective  tissue  and  in  it  are  to  be  seen  numerous 
blood  vessels  and  many  of  Bowman's  glands. 

Olfactory  Region,  (a)  The  Supporting  Elements.  The  olfac- 
tory membrane,  containing  the  sensory  nervous  elements,  is  con- 
fined to  the  epithelium  of  the  turbinal  folds.  It  has  been  found 
on  all  five  of  the  folds,  both  on  the  surface  exposed  to  the  nasal 
cavity  and  on  the  lateral  surfaces  as  well.  The  sensory  olfactory 
membrane  varies  in  thickness  from  .062  to  .07  mm.  It 
is  composed  of  three  types  of  cellular  elements,  namely,  two  kinds 
of  supporting  elements  and  the  sensory  cells.  The  supporting 
elements  are  the  cylindrical  cells  (Figs.  4,10,  11,12)  and  the  basal 
cells  (Fig.  12,  Bos.  C.)  The  latter  are  similar  to  those  found  in  the 
respiratory  region.  The  cyUndrical  cells  are  different  from  those 
of  the  respiratory  area.  Their  nuclei  which,  like  those  already 
described,  are  large  and  oval,  he  in  a  plane  near  the  limiting  mem- 
brane, relatively  higher  in  position  than  those  of  the  supporting 
cells  of  the  respiratory  region.  These  nuclei  stain  very  deeply 
with  iron  haematoxylin  and  also  with  haematoxyUn  and  eosin 
(Figs.  10,  and  11,  Sup,  C.)  The  peripheral  portion  of  these  cells 
extends  to  the  limiting  membrane  in  a  thick  process  nearly  as 
wide  as  the  cell  in  the  region  of  the  nucleus.  The  supporting  cells 
in  the  olfactory  region  of  the  pig  do  not  possess  cilia.  The  central 
process  is  fine,  frequently  branched,  or  forked  (Fig.  4),  and  extends 
to  the  basement  membrane.  Between  the  forks  of  the  support- 
ing cells  are  the  basal  cells  in  the  same  relative  position  as  they 
are  in  the  respiratory  area.  In  no  case,  neither  in  the  sectioned 
material  nor  in  the  macerated  preparations,  has  a  nerve  fiber 
been  seen  in  connection  with  a  supporting  cell. 

Olfactory  Region .     (6)  The  Sensory  Cells.    The  sensory  elements 
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of  this  region,  isolated  by  maceration,  are  shown  in  Figs.  5, 6, 7, 
8,  9,  and  in  normal  position  in  the  membrane  in  Figs.  10, 11,  and 
12.  As  these  figures  show,  the  olfactory  cells  arebi-polar  ele- 
ments, the  large  oval  cell  body,  which  contains  a  nucleus  of  nearly 
the  same  shape,  giving  rise  to  a  central  and  a  peripheral  process. 
The  olfactory  cell  bodies  lie  at  varying  levels  in  the  epitheUum 
below  the  plane  of  the  nuclei  of  the  supporting  cells.  In  the 
lower  half  of  the  cell  body  is  the  large  ellipsoidal  nucleus  which, 
with  iron  alum  and  haematoxylin,  does  not  stain  quite  so  deeply 
as  the  nuclei  of  the  supporting  cells.  The  peripheral  process 
arises  from  the  tip  of  a  conical  mass  of  cytoplasm  which  makes 
up  the  upper  half  of  the  cell  body.  This  process  varies  in  length 
in  different  cells,  depending  of  course  upon  the  position  of  the 
cell  body  within  the  membrane.  The  diameter  of  the  process 
varies  from  one-fifth  to  one-third  that  of  the  cell  body,  and 
extends  to  the  surface  and  passes  through  the  limiting  membrane 
enlarging  in  this  region  into  a  knob  (Kn.)  whose  diameter  is 
one  and  one-half  to  two  times  that  of  the  process  itself.  On  this 
knob  are  to  be  seen  four  to  eight  hair-like  processes,  extending 
above  the  knob  into  the  cavity  of  the  nose.  In  both  the  macer- 
ated material  and  in  the  sections  the  olfactory  hairs  vary  in  length 
from  .008  to  .001  min.,  or  a  trifle  longer  than  the  cilia  of  the 
supporting  cells  of  the  respiratory  region.  Unlike  the  latter  they 
are  thick  and  instead  of  being  pointed  are  not  only  blunt  but  in 
some  cases  they  seem  to  have  more  or  less  thickened  ends.  In 
the  sections  stained  with  iron  alum  and  haematoxylin  and  in  the 
macerated  material  stained  with  picro-carmine,  the  bases  of  these 
cilia,  which  are  equatorially  arranged  around  the  knob  of  the  pro- 
cess, are  stained  very  deeply  and  look  like  small  dots.  It  is 
possible  to  see  olfactory  hairs  in  all  sections  where  the  knobs  are 
shown,  but  in  the  macerated  material  they  do  not  occur  so  fre- 
quently and  in  a  great  many  cases  are  broken  off.  Where  these 
hairs  do  not  show,  however,  the  small  dots  representing  the  bases 
of  them,  can  easily  be  seen.  This  absence  of  olfactory  hairs 
from  so  many  of  the  sensory  elements  in  macerated  material 
may  be  explained  by  the  treatment  which  the  cells  received  in 
being  separated.  I  conclude  that  the  olfactory  hairs  are  normal 
structures  and  not  artefacts. 
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At  different  levels  along  the  peripheral  processes  of  the  olfac- 
tory cells  occur  slight  enlargements  (Figs.  6,  7,  8).  These  show 
best  in  the  isolated  cells.  As  many  as  two  have  been  seen  on  the 
same  cell.  Similar  enlargements  are  shown  in  the  figures  of  Max 
Schultze  (1856,  1862)  and  in  those  of  Von  Brunn  (1892). 

Below  the  nucleus  of  the  sensory  cell  the  cytoplasm  is  drawn 
directly  to  a  point  which  in  the  majority  of  the  cells  is  in  a  line 
with  the  long  central  axis  of  the  cell  body,  but  sometimes  it  is 
found  to  one  side  of  it.  From  this  point  emerges  a  long,  slender, 
varicose  fiber,  {Cen,  Pr.),  which  extends  downward  in  a  curved 
or  wavy  course  toward  the  sub-mucosa  passing  between  the  feet 
of  the  supporting  cells.  It  passes  through  the  basement  mem- 
brane into  the  sub-mucosa  and  there  is  lost  in  the  connective 
tissue.  In  the  sub-mucosa  several  of  these  fine  fibers  come 
together  to  form  the  smaller  branches  of  the  olfactory  nerve,  but 
the  fibers  do  not  anastomose.  In  the  macerated  preparations  the 
cells  possess  only  a  very  short  fiber,  and  often  none  at  all.  By 
maceration,  the  central  processes,  hke  the  olfactory  hairs,  are 
easily  broken  off. 

In  the  sectioned  material  as  well  as  in  the  macerated  prepara- 
tions have  been  seen  oval  cell  bodies,  possessing  varicose  nerve 
fibers  like  those  of  the  sensory  elements  just  described,  but  hav- 
ing no  peripheral  processes  (Figs.  10,  11,  12).  In  the  case  of  the 
sections  it  is  plain  that  this  appearance  is  due  to  the  fact  that  the 
plane  of  the  section  does  not  pass  through  the  peripheral  process 
but  only  through  the  cell  body.  In  Fig.  15Ais  shown  the  cell  body 
of  such  an  element  and  in  Fig.  15B  is  shown  the  same  region  of  the 
next  section  to  it  and  in  it  is  seen  the  peripheral  process  of  the 
sensory  cell  (Per.  Pr.),  whose  body  in  Fig.  15 A  might  be  mistaken 
for  a  uni-polar  element.  Many  similar  cases  have  been  examined 
and  in  all  but  a  very  few  it  was  possible  to  find  in  the  neighboring 
sections  the  missing  peripheral  processes.  In  like  cases  in  the 
macerated  material  it  could  sometimes  be  seen  that  the  process 
had  been  broken  off  in  the  maceration.  There  is  not  enough 
evidence  from  my  observations  to  justifj'^  the  separation  of  the 
sensory  cells  into  the  two  classes  of  uni-polar  and  bi-polar  ele- 
ments.    It  appears  that  they  are  all  bi-polar. 
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The  sub-mucosa  of  this  region  resembles  that  of  the  respiratory 
area  except  that  it  is  much  thicker  and  contains  a  greater  number 
of  Bowman's  glands. 

Fig.  9  shows  the  peripheral  end  of  an  olfactory  cell  broken 
away  from  its  cell  body  and  bearing  eight  olfactory  hairs. 

Figs.  10,  11  and  12  represent  camera  drawings  of  sections  show- 
ing the  various  histological  elements  of  the  mucosa  in  their  natural 
position.  It  is  to  be  noted  that  the  knob-like  endings  of  the  peri- 
pheral processes  are  situated  in  front  of  the  limiting  membrane. 
They  are  large  and  the  olfactory  hairs  are  long. 

Fig.  13  shows  a  sensory  cell  in  section  with  its  nucleus  near 
the  basement  membrane,  and,  consequently,  a  very  long  peri- 
pheral process. 

The  results  obtained  indicate  the  success  of  Zenker's  fluid 
followed  by  iron  haematoxylin  staining.  An  examination  of  the 
published  drawings  of  the  histology  of  the  nasal  membrane  will 
show  that  it  is  infrequent  to  find  the  knob-like  eminences  and  the 
olfactory  hairs  so  well  exhibited  as  in  the  pig  material  upon  which 
the  above  observations  are  based.  The  sketches  that  show  the 
hairs  best  developed  are  those  of  Ballowitz^^  j^  Petromyzon. 

The  Intermediate  Zone.  This  zone  lies  between  the  two  regions 
just  described  and  exhibits  the  characteristics  of  each.  It  is  the 
shading  of  the  one  into  the  other.  It  is  thinner  than  the  olfactory 
region,  and  thicker  than  the  respiratory.  Besides  the  sensory 
elements  it  possesses  supporting  cells  of  three  types.  Of  the 
latter  the  basal  cells  are  similar  to  those  of  the  other  two  regions. 
The  long  supporting  cells  proper  can  be  divided  into  two  classes 
on  the  basis  of  possessing  or  lacking  cilia.  Those  that  do  bear 
cilia  (Fig.  14,  Sup.  C. — are  very  similar  to  the  supporting  elements 
of  the  respiratory  area.  They  extend  across  the  full  width  of 
the  membrane  and  their  central  processes  are  pointed  and  rest 
upon  the  basement  membrane.  The  other  supporting  elements 
lack  cilia,  and  in  this  regard  are  like  those  of  the  olfactory  region, 
but  their  central  processes  do  not  appear  to  be  forked. 

The  sensory  elements  of  this  region  are  not  as  long  as  those 

"  Archiv,  /.  Mik,  AnaL    Bd.  64,   1904. 
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of  the  olfactory  area,  and  are  fewer  in  number.  In  the  well 
diflferentiated  olfactory  region  about  70  per  cent  of  the  cells  appear 
to  be  nerve  elements,  while  in  the  middle  of  the  intermediate 
zone  about  the  same  percentage  of  the  elements  are  supporting 
cells.  The  nerve  cells  of  this  zone  become  more  and  more  scat- 
tered as  the  respiratory  region  is  approached. 

A  diflferential  count  of  the  isolated  cells  from  the  entire  turbi- 
nal  membrane  shows  that  49  per  cent  are  olfactory  elements. 

SUMMARY.  The  facts  of  observation  briefly  summarized  are 
as  follows: 

1.  The  nasal  mucous  membrane  of  the  pig  is  divided  into 
three  areas:  The  olfactory,  characterized  by  the  predominance  of 
sensory  cells;  the  respiratory  region,  characterized  by  the  absence 
of  sensory  cells  and  the  presence  of  ciliated  supporting  cells;  and, 
third,  the  intermediate  zone,  characterized  by  the  presence  of  a 
small  number  of  sensory  cells  and  both  cihated  and  unciUated 
supporting  cells. 

2.  There  are  supporting  cells  of  three  easily  distinguishable 
types,  viz:  the  unciliated  of  the  olfactory  region;  the  ciliated  of 
the  respiratory  region;  and  the  basal  cells  conunon  to  the  three 
regions.  Besides  these  there  are  the  ciliated  cells  of  the  inter- 
mediate region  which  difl'er  slightly  from  those  of  the  respiratory 
area,  and  also,  the  unciliated  supporting  elements  of  the  inter- 
mediate zone  which  are  not  identical  with  those  of  the  olfactory 
region.  • 

3.  The  sensory  cells  so  far  as  observed  are  of  one  type,  bi-polar. 
The  peripheral  process  is  slender  and  on  its  free  endns  a  knob 
bearing  five  to  eight  hair-like  processes.  The  nerve  fiber  pass- 
ing centrally,  is  fine  and  beset  with  varicosities.  The  fibers  unite 
to  make  up  the  bundles  of  the  olfactory  nerve. 

4.  No  connection  has  been  observed  between  nerve  fibers  and 
the  supporting  elements  of  any  area. 
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EXPLANATION  OF  FIGURES 

Fig.  1.    Section  of  the  ethmo-turbinal  folds  of  a  pig  embryo  12  inches  long. 

The  section  is  cut  in  a  plane  perpendicular  to  the  long  axis  of  the  folds. 

Fig.  2.  Section  through  the  respiratory  region  of  the  second  turbinal  fold  of  a 
pig  11  in.  long.  Bas.  C,  basal  cell;  Ct7.,  Cilia;  Cen.  Pr.y  central  process;  Nu.y 
nucleus;  Sup.  C.y  supporting  cell. 

Fig.  3.  Isolated  supporting  cell  of  the  respiratory  region  macerated  in  25  per 
cent  alcohol. 

Fig.  4.  Single  supporting  cell  from  the  olfactory  region  of  the  pig.  L.  3/., 
limiting  membrane;  Nu.,  nucleus;  Cen.  Pr.,  central  process. 

Figs.  5,  6,  7,  8.  Sensory  cells  from  the  olfactory  membrane  of  the  pig  drawn  to 
the  same  scale.  Showing  variations  in  the  length  of  the  peripheral  process.  Cen. 
Pr.,  central  process  or  nerve  fiber;  Kn.,  olfactory  knob;  Nu.,  nucleus;  Olf.  H., 
olfactory  hair,  Per.  Pr.,  peripheral  process. 

Fig.  9.     Peripheral  end  of  an  olfactory  cell  bearing  eight  olfactory  hairs. 

Fig.  10.  Section  through  the  olfactory  membrane  of  a  pig  embryo  61  in.  long. 
From  the  second  ethmo-turbinal  fold.  Olf.  H.,  olfactory  hairs;  Kn.,  terminal 
knob  of  olfactory  cell;  Olf.  C,  olfactory  cell;  Nu.,  nucleus;  Cen.  Pr.,  central 
process  or  nerve  fiber;  Bas.  C,  basal  cell;  Bas.  Mem.,  basement  membrane. 

Fig.  11.  Olfactory  membrane  of  the  lateral  surface  of  the  first  ethmo-turbinal 
fold  of  a  pig  embryo  6}  in.  long.    Reference  letters  same  as  in  Fig.  10. 

Fig.  12.  Olfactory  membrane  from  the  same  specimen  and  the  same  fold  as  in 
Fig.  11;  Lim.  Mem.,  Limiting  membrane. 

Fig.  13.  Section  through  the  olfactory  membrane  of  a  pig  embryo  GJ  in.  long, 
showing  one  olfactory  cell  with  a  very  long  peripheral  process.       >i 

Fig.  14.  Section  of  the  olfactory  membrane  in  the  intermediate  zone  from  the 
first  ethmo-turbinal  fold  of  a  pig  embryo  6J  in.  long. 

Fig.  15  A.  Section  through  the  intermediate  zone  of  the  olfactory  membrane 
from  the  first  ethmo-turbinal  fold  of  a  pig  embryo  6i  in.  long. 

Fig.  15  B.  Adjacent  section  to  that  shown  in  A.  Shows  the  peripheral  process 
of  the  chief  olfactory  cell  the  body  of  which  is  shown  in  the  previous  section. 
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A  SIMPLE  ELECTRIC  HEATER  AND  THERMO-REGU- 
LATOR  FOR  PARAFFIN  OVENS,  INCUBATORS,  ETC 

C.  M.  JACKSON 

From  the  Anatomical  Laboratory,  University  of  Missouri ^  Columbia 

It  is  evident  that  for  laboratory  apparatus  electric  heating  is  in 
most  respects  far  superior  to  gas  heating,  on  account  of  its  greater 
convenience  and  safety.  The  latter  consideration,  that  of  safety, 
applies  with  special  importance  to  those  appliances  which  require 
continuous  heating,  and  which  are  left  for  considerable  periods  of 
time  without  supervision.  Those  of  most  importance  in  biological 
laboratories  are  incubators,  drying  ovens,  and  paraffin  ovens. 
Experience  has  shown  the  danger  of  fires  where  gas  burners  are  used 
for  this  purpose,  even  when  every  reasonable  precaution  is  taken; 

For  some  time,  therefore,  I  have  been  working  on  the  problem  of 
replacing  the  gas  burners  with  electric  heaters.  Various  electric 
appliances  for  this  purpose  have  been  put  upon  the  market,  but 
they  are  as  yet  used  only  to  a  very  limited  extent.  The  chief  diffi- 
culty seems  to  be  on  account  of  the  complexity  and  cost  of  the 
devices  now  available  for  electric  heaters  and  thermo-regulators. 
For  example,  those  now  on  the  market  for  use  with  paraffin  ovens 
and  incubators  cost  from  $25  to  $100  or  more.  An  electric  heater 
and  thermo-regulator  which  is  simple,  efficient  and  cheap  should 
displace  the  gas  burner  in  every  laboratory. 

In  such  an  apparatus  we  have  to  consider  (1)  the  heating 
mechanism;  and  (2)  the  thermo-regulator. 

(1)  For  heating  purposes,  I  have  adopted  the  incandescent 
lamps  ordinarily  used  for  lighting  purposes.  When  placed  under 
the  oven  in  a  case  properly  insulated,  the  light  is  converted 
entirely  into  heat,  making  a  very  effective  heating  apparatus. 
The  cost  of  operation  varies  from  one-half  cent  to  one  cent  per 
hour  for  each  16  c.p.  lamp.  For  a  small  oven,  or  for  a  compara- 
tively low  temperature,  one  such  lamp  is  sufficient.    For  a  par- 
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affin  oven  (water  jacket)  12  x  10  x  12  inches,  I  find  that  three  16 
c.p.  lamps  will  maintain  a  temperature  of  55°  to  60°  C,  which  is 
sufficient  for  paraffin  embedding.  Incidentally  it  may  be  noted 
that  the  ordinary  copper  ovens  radiate  heat  excessively,  and  are 
greatly  improved  by  gluing  a  layer  of  asbestos  paper  over  the  outer 
surface. 

The  case  I  am  using  is  made  of  hard  wood,  lined  with  asbestos 
board  one-half  inch  thick  (fig.  1 ) .  The  asbestos  board  may  be  pro- 
cure'd  from  the  H.  W.  Johns-Manville  Company,  New  York,  or 
from  their  branch  houses  in  all  the  large  cities. 

The  principal  objection  to  the  use  of  the  ordinary  incandescent 
lamps  is  that  the  carbon  filaments  burn  out  somewhat  more 
rapidly  than  usual,  on  account  of  the  high  temperature.  This 
difficulty  is  easily  avoided  by  using  lamps  designed  for  a  higher 
voltage  than  is  used  in  the  circuit  for  lighting  purposes.  If  110 
volts  are  used  for  lighting,  lamps  of  125  volts  may  be  used  for  heat- 
ing. These  would  not  be  suitable  for  lighting,  but  are  almost  as 
effective  for  heating,  and  far  more  durable,  being  practically  inde- 
structible. 

Another  objection  may  arise  in  cases  where  the  electric  current 
is  not  available  continuously.  In  our  laboratories,  for  example, 
the  current  suppUed  by  the  University  plant  is  off  from  midnight  to 
5  a.m.  This  might  be  a  fatal  defect  with  incubators  for  some  pur- 
poses, but  for  paraffin  embedding  it  offers  no  serious  disadvantage. 
Objects  are  rarely  left  in  the  melted  paraffin  over  night,  and  even 
when  they  are,  no  harm  is  done  by  temporary  cooling  down  of  the 
oven.  Before  9  o'clock  in  the  morning  the  oven  is  re-heated  ready 
for  use.  In  a  drying  oven  likewise  the  only  disadvantage  is  the 
loss  of  a  few  hours  of  maximum  temperature. 

(2)  In  order  to  regulate  the  temperature,  the  incandescent 
lamps  are  placed  in  two  parallel  circuits.  In  the  first  circuit  is  one 
lamp  (or  more,  if  required)  of  sufficient  size  (c.p.)  to  heat  the  oven 
up  to  a  point  slightly  below  the  temperature  which  it  is  desired  to 
maintain.  In  the  second  circuit  is  another  lamp  which,  together 
with  the  first,  will  heat  the  oven  to  a  temperature  slightly  higher 
than  that  desired.  The  second  circuit,  however,  is  connected  with 
a  thermo-regulator  placed  inside  the  oven  and  adjusted  so  that 
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Fig.  1.  Diagram  of  a  vertical  section  showing  arrangement  of  electric  heater 
and  thermo-regulator. 

A,  wall  of  oven  or  incubator,  resting  upon  the  heater.  B,  the  inner  case  of  the 
heater,  a  box  made  of  asbestos  board  one-half  inch  thick,  and  joined  together  with 
screws.  Cracks  and  irregularities  may  be  filled  with  asbestos  paste.  The  outer 
case,  C,  is  made  of  oak  seven-eighth  inch  thick.  The  floor  of  the  outer  case  is 
one-half  inch  thick,  and  is  fastened  with  screws  so  as  to  be  easily  removable.  The 
inner  case  rests  upon  screw-eyes  which  extend  into  the  walls  of  the  outer  case. 
Between  the  floors  of  the  cases  a  space  one-half  inch  deep  is  left  for  the  wiring. 
The  external  measurements  of  the  outer  case  should  correspond  in  length  and  width 
to  those  of  the  oven  which  it  supports.  The  depth  of  the  inner  case  should 
be  6  inches,  inside  measurement,  so  as  to  give  room  for  a  16  c.p.  lamp,  placed  up- 
right in  a  receptacle  as  indicated  in  the  figure  at  E  and  F.  For  an  oven  12  x  10  xl2 
inches,  to  be  heated  to  60**  C,  four  receptacles  should  be  provided,  three  to  be 
connected  directly  in  circuit,  and  one  connected  by  the  wiring  (J)  in  series  with  the 
thermo-regulator,  K,  placed  inside  the  oven.  A  switch,  I,  snould  be  provided  for 
the  latter  circuit,  and  another  for  the  other  circuit.  G  represents  the  wire,  con- 
necting with  the  source  of  supply,  with  attachment  plug  at  H. 
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when  the  desu-ed  temperature  is  reached  the  circuit  is  broken, 
being  reestabhshed  when  the  temperature  drops  slightly. 

Various  forms  of  regulators  have  been  invented  which  can  be 
used  for  this  purpose,  all  depending  upon  the  varying  expansion  of 
substances  at  different  temperatures  to  make  and  break  the  circuit. 
These  regulators  may  be  divided  into  two  classes.  In  the  first,  or 
liquid  type,  a  float  rests  upon  a  column  of  mercury  or  other  liquid. 
This  type  is  desirable  where  extreme  accuracy  of  regulation  is  nec- 
essary; but  otherwise  it  is  undesirable  on  account  of  its  cost,  com- 
plexity, and  liability  to  get  out  of  order.  The  second  class  is  con- 
structed entirely  of  solid  metal,  the  contact  being  made  and  broken 
by  the  varyiilg  expansion  of  a  metallic  band.  While  not  quite  so 
delicate  as  the  first  type,  the  metallic  type  is  sufficiently  accurate 
for  all  ordinary  purposes.  It  has  the  great  advantage  of  simplic- 
ity and  durability,  with  nothing  to  wear  out  or  get  out  of  order. 
The  thermo-regulator  which  I  have  adapted  for  present  purposes 
consists  essentially  of  a  coiled  steel  band,  with  platinum  contact 
points  and  is  taken  from  an  apparatus  used  to  regulate  the  heating 
of  rooms.  It  is  manufactured  by  the  Johnson  Service  Co.,  of  Mil- 
waukee, Wise,  and  is  quoted  by  them  at  $5,  which,  however, 
includes  an  outer  case,  thermometer,  etc.,  in  addition  to  the  ther- 
mostat proper,  (which  is  all  that  is  needed).  A  number  of  these 
thermostats  second-hand,  but  in  good  condition,  can  be  supplied 
by  Mr.  J.  A.  Whitlow,  Heat  and  Light  Station,  University  of  Mis- 
souri, Columbia,  Mo.,  at  $2  each.  At  this  rate,  the  cost  of  the 
whole  apparatus  for  heating  and  regulating  an  ordinary  oven  would 
be  less  than  $10. 

It  is  important  to  bear  in  mind  that  this  thermo-regulator  should 
not  be  placed  in  a  circuit  of  more  than  one-half  ampere  (one  16  c.p. 
lamp)  on  account  of  burning  out  the  contact  points,  and  also 
because  the  weaker  the  current,  the  more  accurate  the  regulation. 
With  an  8  c.p.  lamp,  at  ordinary  room  temperatures,the  variation 
is  usually  less  than  l^C.  from  the  point  set. 

In  case  a  thermo-regulator  of  the  kind  mentioned  is  not  avail- 
able, one  similar  in  type  could  readily  be  constructed.  Another 
form  of  metallic  thermo-regulator  has  recently  been  described  by 
Abekenand  Cuthbertson  (U.  S.  Naval  Medical  Bulletin,  vol.  4,  no. 
1,  January,  1910). 


Digitized  by 


Google 


THE  EVOLUTION  OF  THE  CEREBRAL  CORTEX^ 

J.  B.  JOHNSTON 

University  of  Minnesota 
WITH  TWENTY  FIGURES 

In  the  course  of  a  general  treatment  of  the  nervous  system  of 
vertebrates,  published  in  1906,  the  writer  stated  briefly  the  results 
of  personal  investigations  upon  a  number  of  topics.  In  some  cases, 
it  has  since  appeared,  the  brief  treatment  did  not  present  ade- 
quately the  evidence  upon  which  the  conclusions  were  based. 
Circumstances  have  greatly  delayed  the  publication  of  this  evi- 
dence in  more  complete  form.  Recent  papers  have  treated  with 
some  fullness  the  mesencephalic  root  of  the  trigeminus,  the  origin 
of  taste  buds  and  the  question  of  the  boundary  between  dienceph- 
alon  and  telencephalon.  The  subject  of  the  present  paper  is  to  be 
taken  up  in  a  series  of  short  papers  with  the  purpose  of  demon- 
strating the  early  stages  in  the  phylogenetic  history  of  the  cere- 
bral cortex.  It  is  but  just  to  say  that  the  great  bulk  of  the  evi- 
dence now  presented  upon  these  various  subjects  was  in  hand 
before  the  book  referred  to  was  written. 

The  boundary  between  diencephalon  and  telencephalon  is 
marked  by  the  velum  transversum  above  and  by  the  caudal  sur- 
face of  the  chiasma-ridge  below.  The  telencephalon  consists  of  a 
ventral  portion  occupied  by  the  optic  chiasma  and  other  decus- 
sating fibers  and  a  dorsal  portion  comprising  the  corpus  striatum, 
rhinencephalon,  cortex,  lamina  terminalis,  tela  chorioidea,  etc. 

*  The  subject  matter  of  this  paper  was  presented  at  a  joint  meeting  of  the 
Chicago  Neurological  Society  and  the  Biological  Society  of  the  University  of 
Chicago,  December  21,  1909,  and  to  the  American  Association  of  Anatomists 
in  Boston,  1909. 

Neurological  studies  from  the  Institute  of  Anatomy,  University  of  Minnesota, 
No.  12. 
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The  ventral  portion  never  enters  into  the  evaginations  by  which 
the  lateral  lobes  or  '^hemispheres''  are  formed.  Of  the  dorsal 
portion  only  a  part  is  evaginated  in  primitive  vertebrates  and  suc- 
cessively more  and  more  of  the  wall  of  the  unpaired  ventricle  turns 
out  to  becomethe  wall  of  the  lateral  ventricle  in  the  higher  classes 
of  vertebrates.  For  reasons  of  practical  convenience  in  descrip- 
tion the  distinction  between  evaginated  and  non-evaginated  parts 
of  the  forebrain  will  be  more  often  used  than  the  more  fundamental 
distinction  between  dorsal  and  ventral  portions.  It  is  necessary 
to  have  unambiguous  terms  to  express  this  distinction,  especially 
in  view  of  the  changes  which  take  place  from  one  class  of  verte- 
brates to  another,  resulting  in  the  transformation  or  translocation 
of  non-evaginated  area  into  the  evaginated.  For  the  non-evagin- 
ated wall  of  the  unpaired  ventricle  in  all  classes  may  be  used  the 
term  telencephalon  medium.  I  have  suggested  (1909)  that  the 
term  hemisphere  be  used  to  include  all  that  belongs  to  one-half  of 
the  telencephalon.  If,  on  the  contrary,  it  is  desirable  to  retain  for 
the  hemisphere  the  boundaries  given  it  in  the  BNA,  namely  the 
walls  of  the  lateral  ventricles  in  man,  it  should  have  the  same  sig- 
nificance in  lower  vertebrates.  If  this  usage  is  adopted  it  must  be 
clearly  recognized  that  in  various  classes  of  lower  vertebrates  the 
term  hemisphere  will  include  Uttle  or  none  of  the  cortical  areas 
which  predominate  in  the  hemisphere  of  man.  While  the  ques- 
tion of  this  usage  is  being  settled,  the  term  lateral  lobes  used  by  the 
older  anatomists  may  be  used  for  the  evaginated  portion  of  the 
forebrain  without  ambiguity. 

In  median  sagittal  section  of  the  embryonic  forebrain  (figs.  17-20), 
the  roof  begins  at  the  preoptic  recess  and  extends  around  the 
convex  surface  to  the  velum  transversum.  The  median  seam  is 
the  telencephalic  part  of  the  roof  plate  of  His.  About  the  middle 
of  this  is  seen  in  many  vertebrates  a  neuroporic  recess,  marking 
the  point  at  which  the  neural  tube  remained  longest  in  connection 
with  the  ectoderm.  That  part  of  the  roof  plate  which  lies  between 
this  point  and  the  chiasma  is  known  as  the  lamina  terminalis;  that 
part  which  extends  from  the  recessus  neuroporicus  to  the  velum 
transversum  is  the  lamina  supraneuroporica.  It  should  be  empha- 
sized that  it  is  only  for  reasons  of  practical  convenience  that  the  lam- 
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ina  terminalis  has  been  distinguished  from  the  remainder  of  the  roof 
plate,  from  which  it  does  not  differ  in  any  important  waj .  The 
neural  tube  does  not  end  forward  in  a  wide  opening  whose  dorso- 
ventral  diameter  is  measured  by  the  lamina  terminalis  after  the 
lateral  walls  are  fused  together.     Rather,  as  the  neural  plate  rolls 


Fig.  1.  Schemata  to  illustrate  the  two  conceptions  of  the  lamina  terminalis 
In  all  the  sketches  the  neural  tube  is  viewed  from  the  left  and  a  little  in  front. 
In  A  is  represented  the  common  view  that  the  neural  tube  has  a  roof  plate  and  a 
floor  plate  of  equal  length.  The  lamina  terminalis  is  formed  by  the  fusion  of  the 
side  walls,  lettered  Hirnnaht  of  flis.  The  upper  boundary  of  this  would  be  marked 
by  the  neuroporic  recess,  the  lower  boundary  by  the  optic  chiasma.  In  B,  C  and 
D  is  illustrated  the  view  stated  in  the  text.  The  closing  of  the  neural  tube  is 
retarded  by  its  relation  to  the  olfactory  placode.  There  is  fundamentally  a  smgle 
seam  of  closure,  all  of  which  belongs  to  the  roof  plate.  The  part  of  this  seam 
between  the  olfactory  nerve  and  the  optic  chiasma  comes  to  have  the  appearance 
of  an  endplate  (lamina  terminalis)  because  of  the  forebrain  flexure,  and  this 
18  due  to  the  influence  of  the  olfactory  nerve  and  its  centers. 
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ABBREVIATIONS 


CM. 

coramissura  anterior 

H.olf. 

c.call. 

corpus  callosum 

n.term. 

ch. 

optic  chiasma 

olf.som. 

c.hipp. 

commissura   hippocampi 

cpcUl.  ant. 

commissura  pa! Hi    ante- 
rior 

('.post. 

commissura  posterior 

par. 

c.sup. 

commissura   superior 

p.c.b. 

ep. 

epiphysis 

p.h. 

f.bulb. 

formatio  bulbaris 

r.H. 

f.i. 

foramen  interventricu- 
lare 

r.m.ext. 

g.haJb. 

ganglion   habenulac 

r.p. 

hem. 

lateral  lobe  of  forebrain 

som.  area. 

inf. 

recessus  inf  undibuli 

l.s. 

lamina  supraneuroporica 

Ir.tcen. 

l.i. 

lamina  terminalis 

tr.th-cort. 

m. 

point  of  attachment  of 

the   membranous   tela 

v.fr. 

to  the  massive  lamina 

supraneuroporica 

nervus  olfactorius 

nervus  terminalis 

correlation  tract  between 
olfactory  nuclei  and 
primordium  of  soma- 
tic cortex 

paraphysis 

precommissural   body 

primordium  hippocampi 

recessus    neuroporicus 

recessus    neuroporicus 
externus 

recessus   pracopticus 

primordial  somatic  cor- 
tex 

tractus  taeniae 

tractus  thalamo-corti- 
calis    (somatic) 

velum    transversum 


Fig.  2.  Sketch  of  the  right  half  of  the  fore  part  of  the  brain  of  the  sturgeon  as 
seen  from  the  medial  surface.  The  primordium  hippocampi  is  bounded  below  by 
the  sulcus  Monroi.  The  velum  transversum  is  attached  to  the  brain  wall  behind 
the  so-called  praethalamus. 
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up  the  neural  tube  tapers  to  a  point  in  the  preoptic  recess,  and  the 
lamina  terminalis  is  the  anterior  part  of  the  seam  of  closure  along 
the  mid-dorsal  line  (fig.  1).  The  conception  of  a  *' frontal  Hirn- 
nahf  of  His  is  fundamentally  wrong,  but  its  convenience  in  de- 
scriptive anatomy  has  led  to  its  continued  use.  The  writer  has  at 
times  inadvertently  used  or  implied  it,  although  he  has  held  for 
some  years  the  view  here  expressed.  This  view  has  been  expressed 
by  other  workers  also.  The  two  views  are  incompatible  and  that 
of  His  is  inconsistent  with  the  facts  of  embryology  and  phylo- 
genesis of  the  forebrain. 

It  is  necessary  to  define  more  exactly  how  the  velum  transver- 
sum  indicates  the  boundary  between  the  diencephalon  and  telen- 
cephalon. The  velum  is  a  transverse  in-folding  of  the  tela  cho- 
rioidea  and  owing  to  the  arched  form  of  the  membranous  roof  in 
most  vertebrates  the  lateral  borders  of  the  velum  may  be  com- 
pared to  the  pillars  of  an  arch.  Where  these  pillars  of  the  velum 
nneet  the  lateral  nervous  walls  of  the  brain  in  the  embryo,  these 
walls  are  indented  by  a  vertical  groove.  This  groove  marks  the 
boundary  between  the  diencephalon  and  telencephalon.  In  the 
adult  this  boundary  is  marked  by  the  attachment  of  the  pillars  of 
the  velum  to  the  massive  lateral  walls.  In  the  brains  of  many 
fishes  the  arch  of  the  velum  is  inclined  forward  so  that  the  bound- 
ary line  in  question  is  not  marked  by  the  position  of  the  velum  in 
median  sagittal  section  but  by  the  place  of  attachment  of  the 
velum  to  the  lateral  wall.  Fig.  2  shows  what  is  meant  in  the  case 
of  the  brain  of  the  sturgeon,  and  the  relations  of  the  velum  will  be 
amply  illustrated  in  the  later  papers  of  this  series. 

The  features  of  the  telencephalon  in  which  we  are  chiefly  inter- 
ested are  (1)  the  degree  of  evagination  of  the  lateral  lobes  and  the 
functional  areas  contained  in  these  in  different  classes  of  verte- 
brates; (2)  the  area  from  which  the  hippocampal  formation  of 
higher  brains  is  derived ;  (3)  the  area  from  which  the  general  cor- 
tex is  derived ;  and  (4)  the  morphological  position  and  value  of  the 
palUal  commissures.  These  features  will  be  reviewed  very  briefly 
by  the  aid  of  simple  schematic  figures. 

The  treatment  of  the  cortex  assumes  the  principle  stated  in  a 
previous  paper  (1909,  pp.  518-525)  that  the  cortex  develops  from 
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centers  in  primitive  vertebrates  which  serve  for  the  correlation  of 
incoming  impulses  of  different  kinds.  The  cerebral  cortex  every- 
where is  nothing  else  than  a  complex  of  correlation  centers. 

CYCLOSTOMES 

In  cyclostomes  the  evagination  carries  out  the  formatio  bulbaris 
and  the  secondary  olfactory  centers  in  larger  part.  Indirectly, 
owing  to  crowding  from  in  front,  the  wall  of  the  telencephalon 
medium  is  folded  so  as  to  enter  into  the  caudal  wall  of  the  lateral 
lobe.  This  is  a  part  of  the  region  heretofore  named  '* striatum." 
It  is  not  a  proper  part  of  the  evagination  and  the  folding  spoken  of 
accounts  for  the  bifurcation  of  the  lateral  ventricle  (fig.  4).  The 
telencephalon  medium  includes  secondary  olfactory  centers  below 
and  in  front  of  the  foramen  interventriculare,  so-called  striatum 
below  and  behind  the  foramen,  and  primordium  hippocampi  (here- 
tofore called  ''epistriatum'')  above  the  foramen.     (See  figs.  3  and 


com  ant- 


Fig.  3.  Petyroinyzon  dorsatus,  late  ammoca'les.  Sketch  of  left  half  of  fore 
part  of  brain  to  show  functional  areas  in  the  telencephalon.  The  heavy  broken 
line  marks  approximately  the  boundary  between  the  telencephalon  and  dience- 
phalon. 
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Fig.  4.  Petromyzon  dorsatus,  late  ammoccetes.  A,  transverse  section  of 
telencephalon;  By  horizontal  section,  both  through  the  foramen  interventricu- 
lare.  The  broken  line  beneath  som.  area  in  B  marks  approximately  the  boundary 
between  diencephalon  and  telencephalon.  The  region  labeled  somatic  area 
has  heretofore  been  called  striatum. 

4.)  That  this  primordium  hippocampi  belongs  to  the  telenceph- 
alon and  not  to  the  diencephalon  as  held  by  Edinger,  Sterzi,  Tret- 
jakoff  and  others  is  shown  by  the  attachment  of  the  velum  trans- 
versum  to  the  brain  wall  between  this  body  and  the  ganglion 
habenulse.  The  primordium  hippocampi  presents  certain  defi- 
nite histological  characteristics  which  are  constant  in  fishes  and 
amphibians.  It  receives  olfactory  fibers  of  the  second  order  by 
way  of  a  decussation  in  the  lamina  supraneuroporica  and  receives 
ascending  fibers  from  the  hypothalamus,  the  tractus  pallii.  The 
hypothalamus  is  a  tertiary  visceral  and  gustatory  center  in  other 
fishes  and  amphibians  and  may  be  supposed  to  have  similar  func- 
tions in  cyclostomes.  The  entrance  of  the  tracts  mentioned  into 
the  primordium  hippocampi  constitutes  it  a  correlating  center  for 
olfactory  and  visceral  impulses.  It  would  thus  furnish  the  start- 
ing point  for  the  differentiation  of  the  hippocampus  and  may  pos- 
sibly contribute  to  the  formation  of  other  structures. 

The  area  called  striatum  is  probably  the  beginning  of  the  gen- 
eral or  somatic  cortex,  but  requires  further  investigation. 
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Fig.  5.  ^Scyllium  stellarc,  anterior  part  of  the  brain  seen  from  above.  The 
medial  olfactory  nuclei  are  very  large,  and  the  primordium  hippocampi  and 
anterior  pallial  commissure  are  carried  far  back.  The  line  r.n.cxt.  marks  the 
dorsal  opening  to  the  sagittal  fissure.  The  line  v.ir.  marks  the  point  of  attachment 
of  the  velum  transversum. 


n.term, 


Fig.  6.  Scyllium  stellare,  sketch  of  right  half  of  fore  part  of  brain.  The  telen- 
cephalic  areas  are  lettered.  The  course  of  the  nervus  terminalis  in  Scyllium  is 
shown  in  black.  In  light  outlines  the  dorsal  course  of  the  nerve  as  seen  in  Hexan- 
chus,  Squalus  and  others.  In  Scyllium,  instead  of  a  slender  external  neuroporic 
canal  there  is  a  narrow  fissure  open  both  dorsally  and  ventrally.  The  somatic 
area  is  on  the  lateral  surface  .     Its  outline  is  projected  upon  the  sagittal  plane. 
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The  anterior  commissure  lies  in  the  lamina  terminalis  and  con- 
nects the  striatal  areas.  The  commissure  differs  greatly  in  size  in 
different  species  of  petromyzontes  and  its  constitution  is  not  well 
understood. 

The  hippocampal  primordia  occupying  the  dorsal  part  of  the 
walls  of  the  unpaired  ventricle  converge  forward  and  meet  in  a 
sUght  thickening  of  the  lamina  supraneuroporica  (figs.  3  and  4). 
In  this  thickening  are  two  kinds  of  fibers:  (1)  fibers  crossing  from 
the  formatio  bulbaris  of  one  side  to  the  primordium  hippocampi  of 
the  other  side,  and  (2)  fibers  which  connect  directly  the  evaginated 
portion  of  the  so-called  striatum.  The  important  thing  to  notice 
here  is  that  a  decuseation  and  a  true  commissure  are  found  here 
in  the  pallial  position^  that  is,  above  the  neuroporic  recess. 

SELACHIANS 

In  selachians  the  evagination  of  lateral  lobes  has  gone  farther 
than  in  cyclostomes.  Especially,  the  lateral  ventricles  are  longer, 
the  olfactory  bulbs  are  carried  out  away  from  the  secondary  cen- 
ters. The  primordium  hippocampi  extends  out  some  distance  as 
the  roof  of  the  lateral  ventricle,  invades  the  lamina  supraneuroporica 
as  a  great  gray  mass  in  which  the  pallial  commissures  lie  and 
extends  along  the  upper  border  of  the  wall  of  the  unpaired  ven- 
tricle (figs.  5,  6  and  7).  The  wall  of  the  telencephalon  medium  is 
largely  made  up  of  a  somatic  correlation  area,  the  beginning  of  the 
ger  eral  cortex.  That  this  area  is  WTongly  assigned  to  the  dien- 
cephalon  by  Edinger  and  others  is  indicated  by  the  attachment  of 
the  velum  just  in  front  of  the  ganglion  habenulse  (figs.  5  and  6). 

The  primordium  hippocampi  occupies  the  massive  roof  and  is 
separated  from  the  medial  olfactory  nuclei  by  the  external  neu- 
ropcric  recess  and  a  cell-free  zone,  the  zona  limitans  (fig.  7).  It 
receives  from  in  front  fibers  of  the  olfactory  tract  (secondary)  and 
direct  and  crossed  fibers  from  both  medial  and  lateral  olfactory 
nuclei  (tertiary  fibers).  The  crossed  fibers  decussate  in  the  lam- 
ina supraneuroporica  where  it  is  greatly  thickened  by  the  primor- 
dium hippocampi  itself.  Also,  a  large  tractus  pallii  comes  up 
from  the  hypothalamus  to  the  primordium  hippocampi  as  in  cyclo- 
stomes.    A  part  of  this  tract  is  uncrossed,  a  part  crosses  in  the 
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Fig.  7.  Scyllium  stellare,  schematic  transverse  section  of  the  telencephalon 
through  approximately  the  line  a-a  of  Fig.  6.  The  lateral  ventricle  is  recon- 
structed from  a  number  of  sections  before  and  behind  this  line. 

postoptic  decussations.  The  primordia  of  the  two  sides  are  con- 
nected by  true  commissural  fibers  in  the  anterior  paliial  com- 
missure (fig.  8).  Finally,  that  portion  of  the  primordium  which 
extends  along  the  telencephalon  medium  is  traversed  by  great 
numbers  of  fine  fibers  which  cross  in  the  superior  commissure  and 
constitute  a  true  posterior  paliial  conrmiissure  of  the  hippocampal 
primordia  (fig.  8). 

From  the  primordium  hippocampi  fibers  collect  forward  and 
descend  through  the  medio-rostral  and  ventral  wall  between  the 
lateral  ventricles  and  go  to  the  hypothalamus.  They  form  defi- 
nite bundles  which  are  undoubtedly  homologous  with  the  fornix 
(fig.  8). 

The  existence  of  a  somatic  correlation  center  in  the  telencepha- 
lon is  indicated  by  the  presence  of  large  numbers  of  fibers  in  the 
basal  bundle  which  connect  this  area  with  the  centers  of  the  lem- 
niscus and  of  the  optic  tracts  in  the  thalamus.  A  descending  path 
extending  from  this  somatic  area  to  the  ventral  part  of  the 
thalamus  and  to  the  motor  centers  forms  part  of  the  basal  bundle 
described  many  years  ago  by  Edinger.     From  the  somatic  area 
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Fia.  8.    Scheme  of  fiber  tracts  connected  with  the  primordium  hippocampi  in 
selachians,  based  on  Scyllium. 

arises  a  large  part  of  the  fibers  going  to  the  nucleus  habenulae. 
These  fibers  may  be  given  the  name  tractus  tcenioe  and  are  to  be 
sharply  distinguished  from  the  fibers  arising  from  olfactory  centers, 
which  should  be  called  tractus  olfacto-hahenularis.  Special  tracts 
serving  for  correlation  between  somatic  and  olfactory  centers 
will  be  described  in  a  later  paper.  The  somatic  areas  of  the  two 
sides  are  connected  by  a  true  commissure  which  crosses  in  the 
lamina  supra-neuroporica  above  (ectal  to)  the  commissura  hip- 
pocampi (figs.  7  and  9).  This  commissure  has  the  essential 
morphological  and  functional  relations  of  a  corpus  caUosum. 


Fi(i.  9.  Scheme  of  fiber  tracts  of  the  primordial  somatic  cortex  in  selachians, 
based  on  Scyllium.  The  ascending  and  descending  fibers  between  thalamus  and 
somatic  cortical  area  occupy  the  middle  of  the  figure  and  are  not  lettered. 
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The  nervus  terminalis  enters  the  forebrain  in  selachians  at  a 
point  immediately  below  and  lateral  to  the  neuroporic  recess,  and 
its  fibers  are  directed  toward  the  somatic  area.  This  is  the  true 
or  internal  origin  of  the  nerve  as  far  as  now  understood.  In  some 
forms  the  nerve  reaches  this  point  by  entering  the  dorsal  surface 
and  running  down  in  the  walls  of  the  external  neiu-oporic  recess. 
In  other  forms  it  enters  below  and  runs  up  to  the  same  point. 
This  difference  is  due  to  the  secondary  fusion  of  the  medial  olfac- 
tory regions  which,  apparently,  has  in  some  cases  proceeded  from 
below  upward  and  pushed  the  nerve  to  the  upper  surface,  in  other 
cases  proceeded  from  above  downward  and  pushed  the  nerve  to 
the  lower  surface  (fig.  6). 


Fig.  10.  Amia  calva,  schematic  transverse  section  through  the  anterior  com- 
missure. The  crossed  olfacto-cortical  tracts  are  shown  above,  the  true  commis- 
sural fibers  of  the  primordium  hippocampi  below.  The  letters  f.i.  mark  the 
sulcus  (Monroi)  which  indicates  the  line  of  evagination  and  the  position  of  the 
foramen  in  typical  evaginated  brains. 

GANOIDS  AND  TELEOSTS 

In  these  forms  the  evagination  of  lateral  lobes  has  proceeded 
only  so  far  as  to  form  the  olfactory  bulbs  which  enclose  lateral 
ventricles.  All  the  rest  of  the  forebrain  constitutes  a  telencephalon 
medium  whose  walls  are  more  or  less  everted  as  has  been  well  de- 
scribed by  Mrs.  Gage  and  by  several  later  writers  (fig.  10) .  In  the 
ventricular  surface  of  each  wall  can  usually  be  seen  a  sulcus  Mon- 
roi which  leads  forward  to  the  lateral  ventricle  (figs.  2,  10  and  11). 
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This  sulcus  marks  the  line  of  evagination  and  the  position  of  the 
foramen  interventriculare  in  those  forms  whose  forebrains  are 
evaginated. 

Above  this  sulcus  the  ventricular  surface  of  the  lateral  wall  is 
covered  to  a  variable  depth  by  the  pecuUar  tissue  which  consti- 
tutes the  primordium  hippocan  pi.  Laterally  this  body  is  separated 
from  the  somatic  correlation  area  hy  a  sulcus  somewhat  below  the 
line  of  the  taenia  (fig.  10). 


Fig.  11.  Sketches  for  comparison  of  everted  and  evaginated  types  of  forebrain. 
A,  transverse  section  of  forebrain  of  young  Amia  (25  mm.?);  B,  diagram  to  show 
the  translocation  of  parts  that  would  take  place  in  the  evagination  of  such  a 
brain.  The  course  of  the  commissure  is  indicated  by  continuous  lines.  In  B, 
the  broken  lines  show  the  actual  course  of  the  "commissura  hippocampi"  behind 
the  lateral  ventricle  in  amphibians. 

From  in  front  the  primordium  hippocampi  receives  olfactory 
fibers  of  the  second  and  third  orders,  many  of  which  decussate  in 
the  anterior  commissure  complex.  From  behind,  the  large  tractus 
pallii  comes  up  from  the  hypothalamus,  partly  decussating  in  the 
anterior  commissure  (fig.  12).  The  hippocampal  primordium 
although  very  different  in  form,  has  essentially  the  same  relations 
as  in  cyclostomes  and  selachians. 

The  somatic  area  receives  fibers  from  the  lemniscus  center  in 
the  thalamus,  and  probably  from  the  tectum  mesencephali  (fig. 
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12) .  Fibers  ascending  from  the  lateral  geniculate  bodies  have  not 
yet  been  seen.  In  these  forms  also  there  is  a  clear  distinction 
between  the  tractus  taeniae  and  the  tractus  olfacto-habenularis. 
Ganoids  and  teleosts  possess  no  true  anterior  pallial  commis- 
sure. The  fibers  connecting  both  the  hippocampal  and  the  somatic 
cortical  primordia  pass  by  way  of  the  anterior  commissure  com- 
plex.    A  detailed  discussion  of  this  fact  and  its  connection  must  be 


Fig.  12. 
sturgeon. 


Scheme  of  fiber  tracts  connected  with  the  primordial  cortex  of  the 


postponed,  but  it  should  be  held  in  mind  that  the  commissures  of 
the  cortical  areas  cross  beneath  the  unpaired  ventricle,  then  pass 
lateral,  external  and  caudal  to  the  foramina  and  lateral  ventricles 
and  so  into  the  everted  areas  which  correspond  more  or  less  com- 
pletely^ to  the  roof  of  brains  of  the  evagihated  tvpe  (figs.  10  and 
11). 
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AMPHIBIANS 

The  evagination  of  the  lateral  lobes  has  gone  much  farther  and 
is  almost  complete.  The  elongation  of  the  forebrain  has  taken 
place  not  at  the  olfactory  peduncle  as  in  many  selachians  and 
teleosts,  nor  at  the  telencephalon  medium  as  in  some  selachians 
and  especially  in  Chimaera,  but  in  the  region  between  the  fora- 
men interventriculare  and  the  olfactory  peduncle.  The  primor- 
dium  hippocampi  has  been  nearly  all  evaginated  and  forms  the 
upper  part  of  the  medial  wall  of  the  vesicular  lateral  lobe,  together 
with  an  undetermined  part  of  the  dorsal  wall.  In  urodeles  a 
small  part  of  it  remains  in  the  dorsal  part  of  the  wall  of  the  un- 


FiG.  13.  Necturus  maculatus,  transverse  section  through  the  foramen  inter- 
ventriculare. The  section  is  seen  from  the  caudal  surface  and  the  commissure 
related  to  the  hippocampus  is  represented  as  passing  up  lateral  to  the  foramen 
interventriculare  and  caudal  to  the  lateral  ventricle  to  reach  the  hippocampus. 


paired  ventricle  as  in  cyclostomes.  A  zona  limitans  separates  the 
hippocampal  area  from  the  medial  olfactory  area,  which  occupies 
the  lower  part  of  the  medial  wall  (*'  septum  ^^)  and  extends  into  the 
floor  of  the  unpaired  ventricle  where  it  forms  the  '*  precommis- 
sural body  ^'  of  Elliot  Smith  (fig.  14). 

The  evagination  has  involved  a  greater  or  less  part  of  the 
somatic  area  and  has  been  prolonged  backward  to  form  a  posterior 
pole.  The  relations  of  the  hippocampal  and  somatic  areas  in  this 
pole  are  still  in  doubt. 
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A  partial  study  of  the  fiber  tracts  in  several  amphibians  has 
shown  in  connection  with  the  primordium  hippocampi  fibers  from 
the  olfactory  centers,  an  ascending  tractus  pallii  from  the  hypo- 
thalamus and  a  fornix  descending  to  the  hypothalamus  as  in 
selachians.  The  lateral  forebrain  bundle  contains  many  ascend- 
ing somatic  sensory  fibers  which  end  in  the  lateral  parts  of  the 
hemisphere.  According  to  Herrick  there  are  present  in  the  frog 
fibers  from  the  lenmiscus  centers  in  the  thalamus,  optic  radiations 
and  auditory  radiations.  The  amphibian  brain  seems  to  the 
writer  to  present  a  high  degree  of  complexity  and  specialization  of 


Fig.  14.  Necturus,  sketch  of  right  half  of  forebrain  seen  from  the  medial  surface. 
The  medial  olfactory  nucleus,  precommmissural  body  and  bed  of  the  commissures 
are  shaded  by  short  oblique  lines.  A  part  of  the  preconmiisural  body  extends 
up  over  the  foramen  interventriculare.  The  commissure  of  the  primordium  hip- 
pocampi runs  up  behind  the  foramen  interventriculare  (compare  fig.  15). 

irtructure  based  upon  an  apparently  simple  and  primitive  arrange- 
ment of  the  neurone-bodies  in  a  central  gray.  More  detailed 
studies  of  the  fiber  connections  are  necessary  to  enable  us  to  deter- 
mine the  extent  and  boundaries  of  the  several  functional  areas, 
especially  the  hippocampal  and  somatic  cortical  areas  and  the 
pyriform  lobe. 

The  forebrain  commissures  of  amphibians  closely  resemble  those 
of  ganoids  and  teleosts.  In  the  lamina  terminalis  are  found  an 
anterior  commissure  chiefly  related  to  the  lateral  basal  bundle  and 
the  somatic  correlation  areas,  and  a  so-called  hippocampal  com- 
missure (fig.  13).     The  latter  crosses  beneath  the  unpaired  ven- 
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tricle,  rises  lateral  and  caudal  to  the  interventricular  foramen  and 
bends  forward  over  the  proximal  part  of  the  lateral  ventricle  to 
enter  the  medio-dorsal  or  hippocampal  area.  The  disposition  of 
this  commissure  stands  in  sharp  contrast  with  that  of  selachians 
and  of  reptiles  and  manmials  and  agrees  in  all  essentials  with  that 
of  ganoids  and  teleosts.  When  Osborn  ('88)  interpreted  this  com- 
missure as  the  corpus  callosum  he  recognized  the  great  difficulty 
presented  by  its  position.  The  writer  has  pointed  out  ('02,  '06) 
that  this  commissure  can  not  be  compared  morphologically  with 
the  psalterium  of  mammals.  The  neglect  of  this  by  all  recent 
students  of  the  amphibian  brain,  and  especially  the  failure  to 
observe  the  difference  in  position  of  the  conamissures  in  amphib- 
ians and  reptiles  must  lead  to  confused  ideas  of  forebrain  mor- 
phology.    Compare  figs.  14  and  15. 

From  the  posterior  pole  of  the  hemisphere  a  large  posterior  pal- 
lial  commissure  accompanies  the  tractus  taeniae  to  cross  in  the 
superior  commissure  as  in  selachians. 

REPTILES  AND  MAMMALS 

From  the  work  of  Elliot  Smith,  His,  Ziehen,  Zuckerkandl  and 
others  the  general  relations  in  the  reptilian  and  mammalian  brain 
are  well  understood.  The  hippocampal  area  occupies  the  medio- 
dorsal  region  of  the  hemisphere  in  reptiles  and  in  the  series  of  mam- 
mals is  modified,  owing  to  the  growth  of  the  general  cortex  and  cor- 
pus callosum,  until  in  man  the  only  well  developed  hippocampal 
formation  Ues  between  the  splenium  of  the  corpus  callosum  and 
the  tip  of  the  temporal  lobe  (uncus).  From  the  somatic  area  of 
fishes  and  amphibians  the  general  cortex  has  developed  between 
the  hippocampus  dorso-medially  and  the  pyriform  lobe  laterally. 
A  part  of  the  somatic  area  surrounding  the  lateral  basal  bundle 
has  differentiated  into  the  corpus  striatum  through  which  the 
enlarged  lateral  basal  bundle  runs  as  the  internal  capsule. 

The  disposition  of  the  commissures  is  of  great  importance  for 
an  understanding  of  the  comparative  morphology  of  the  telence- 
phalon.   The  anterior  commissure  serves  to  connect  the  olfactory 
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areas  and  probably  contains  somatic  elements  in  addition.  In 
mammals  two  pallial  commissures  are  present,  the  conmiissura 
hippocampi  and  the  corpus  callosum;  in  reptiles  the  corpus  cal- 
losum  is  not  yet  certainly  known.  A  posterior  pallial  commissure 
is  present  in  some  reptiles  but  is  unknown  in  mammals. 

In  reptiles  the  hippocampal  conmiissure  crosses  rostral  to  the 
unpaired  ventricle.  Its  arms  rise  up  in  front  of  the  interventric- 
ular foramina  in  the  medial  walls  of  the  lateral  ventricles,  to  enter 
the  hippocampal  area  directly  (fig.  15).  In  lower  mammals  the 
hippocampal  commissure  has  the  same  position  as  in  reptiles  and 
in  higher  mammals  is  carried  up  over  the  third  ventricle  by  the 
upward  and  backward  growth  of  the  hemispheres. 


Fig.  15.  Sketch  of  the  right  half  of  the  forebrain  of  a  reptile  to  show  the  rela- 
tions of  the  hippocampus  and  of  its  commissure.  The  conunissure  goes  up  in  the 
medial  wall  in  front  of  the  foramen  interventriculare. 


An  interesting  question  arises  concerning  the  position  of  this 
commissure  with  reference  to  the  neuroporic  recess.  This  ques- 
tion does  not  involve  the  main  facts  regarding  the  history  of  the 
hippocampus  and  its  commissure  in  mammals  as  set  forth  by  Elliot 
Smith  and  others,  nor  does  it  affect  the  question  at  issue  between 
Smith  and  His  as  to  the  primary  or  secondary  character  of  the 
fusion  which  constitutes  the  ''commissure  bed."  The  question 
is  whether  the  commissure  lies  in  the  lamina  terminalis  {below  the 
neuroporic  recess)  or  in  the  lamina  supraneuroporica  (above  the 
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neuroporic  recess).  In  reptiles  the  hippoeampal  commissure  lies 
more  or  less  close  to  the  anterior  commissure  so  that  in  late  em- 
bryos and  adults  the  relations  of  the  neuroporic  recess  are  obscured. 
In  lizards  it  is  probably  represented  by  the  recessus  inferior  of 
Elliot  Smith  (fig.  16).  The  early  development  shows  that  the 
neuroporic  recess  is  situated  close  in  front  of  the  anterior  commis- 
sure, that  above  the  recess  is  a  thickened  part  of  the  lamina  supra- 
neuroporica  related  to  the  hemispheres;  the  remainder  of  this 
lamina  is  a  membranous  tela  in  which  appears  the  paraphysis  just 
in  front  of  the  velum  transversum  (fig.  17).     As  the  hemispheres 
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Fig.  16.  A  portion  of  a  transverse  section  through  the  brain  of  a  monitor 
(Hydrosaurus).  From  G.  Elliot  Smith.  In  the  figure  to  the  left  the  line  x-y 
shows  the  plane  of  the  section,  ah.,  alveus;  c./.,  columnafornicis ;/asc.,  fasciculus 
marginalis;  /tip.,  hippocampus;  yara.,  paraterminal  body;  rzc.  i.,  recessus  inferior; 
rec, «.,  recessus  superior  ;c.  d.,  hippoeampal  commissure;c.  v.,  anterior  commissure. 

develop  the  recessus  neuroporicus  is  reduced  or  obliterated  and 
the  hippoeampal  commissure  comes  to  lie  close  to  the  anterior 
commissure. 

In  mammals  the  neuroporic  recess  is  a  prominent  pit  in  front 
of  the  anterior  commissure  in  early  stages,  but  the  growth  of  the 
hemispheres  and  commissure-bed  reduces  it  to  a  shallow  pit  in  the 
same  position  (figs.  18  and  19).  The  thickened  lamina  which  con- 
stitutes or  contains  the  bed  of  the  hippoeampal  commissure  is  the 
lamina  supraneuroporica  and  extends  laterally  into  the  hemi- 
spheres as  in  reptiles.     When  the  hippoeampal  commissure  ap- 
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pears  it  is  widely  enough  separated  from  the  anterior  eonunissure 
so  that  there  can  be  no  doubt  that  it  lies  above  the  neuroporic 
recess  in  the  lamina  supraneuroporica  (figs.  18  and  19). 

In  reptiles  and  manmials  the  commissura  hippocampi  and  cor- 
pus callosum  are  said  to  be  embedded  in  the  preconmiissural  body 
(Elliot  Smith  and  others).  This  preconmiissural  body  is  formed 
by  the  invasion  of  the  lamina  terminalis  by  the  medial  olfactory 
nuclei  or  by  the  secondary  fusion  of  these  nuclei.  Such  a  fusion 
is  most  extensive  in  selachians  where  the  nuclei  are  very  vol  imi- 


FiG.  17.  Median  sagittal  section  of  the  brain  of  a  turtle  embryo  at  the  time  of 
formation  of  the  paraphysis.  The  broken  line  marks  the  di-telencephalic  bound- 
ary. At  m  is  the  caudal  margin  of  the  nervous  part  of  the  lamina  supraneuro- 
porica. The  tela  behind  this  is  not  only  thin  but  differs  histologically  from  the 
lamina  supraneuroporica.  The  neuroporic  recess  has  been  traced  in  earlier 
stages  and  undoubtedly  lies  between  the  parts  identified  in  this  figure  as  the 
anterior  commissure  and  the  lamina  supraneuroporica. 

nous.  In  some  mammals  also  this  fused  body  is  very  large.  So 
far  as  my  observations  go  the  corpus  callosum  in  mammals  is  situ- 
ated along  the  line  of  the  zona  limitans,  while  the  hippocampal 
commissure  is  involved  or  enwrapped  to  a  variable  extent  in  the 
precommissural  body.  I  can  harmonize  this  with  the  condition  in 
selachians  and  -with  the  facts  of  development  in  mammals  above 
cited  only  on  the  supposition  that  the  precommissural  body  has 
secondarily  pushed  up  into  the  region  of  the  lamina  supraneuro- 
porica, probably  following  along  the  system  of  olfacto-hippocam- 
pal  fibers. 
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The  bearing  of  these  facts  upon  the  phylogeny  of  the  cortex  and 
its  commissures  is  seen  when  the  brain  of  the  mammalian  embryo 
is  compared  with  the  selachian  brain  (fig.  20).  The  paUial  areas  in 
selachians,  reptiles  and  mammals  meet  in  the  lamina  supraneuro- 
porica  which  is  thickened  by  invading  gray  matter  and  serves  for 
the  passage  of  the  hippocampal  commissure  and  corpus  callosum. 
The  cy  clostomes  present  the  same  condition,  but  with  simpler  com- 
missures.   The  ganoids,  teleosts  and  amphibians  present  a  very 


Fio.  18.  Median  sagittal  sections  of  the  forebrain  in  cat  embryos  to  show  the 
relations  of  the  commissures  to  the  recessus  neuroporicus.  To  the  left  a  12  mm. 
embryo  (Minot  collection  No.  400,  slide  F.,  sec.  3/6) ;  to  the  right,  a  31  nmi.  embryo 
(Minot  collection  No.  527,  slide  Bk,  sec.  l/3).  The  section  of  the  12  mm.  stage  is 
slightly  oblique.  The  paraphysis  is  drawn  in  dotted  outline  as  it  appears  in 
adjacent  sections.  The  slight  thickening  at  ^  «.,  shows  that  the  lamina  supraneu- 
roporica  is  passing  over  into  the  medial  wall  of  the  hemisphere.  The  point  m 
corresponds  to  the  point  so  lettered  in  the  turtle  embryo.  This  is  about  the  point 
at  which  the  recesses  neuroporicus  has  been  placed  by  previous  authors.  The 
nearness  of  this  to  the  paraphysis  is  sufficient  evidence  that  the  lamina  terminalis 
does  not  extend  up  to  this  point.  The  figures  are  from  free-hand  sketches  but 
the  relations  are  essentially  correct. 

different  condition,  in  which  the  fibers  analogous  to  the  hippocam- 
pal commissure  and  corpus  callosum,  so  far  as  such  fibers  exist, 
run  with  the  anterior  commissure  in  the  lamina  terminalis. 
It  seems  probable  that  the  pallial  commissures  maintain  a  true 
pallial  position  in  cyclostomes,  selachians,  reptiles,  birds  and  mam- 
mals  (and  possibly  dipnoans),  while  in  ganoids,  teleosts  and 
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amphibians  they  have  a  peculiar  disposition  the  origin  of  which 
requires  to  be  explained. 

The  features  in  the  author's  account  of  the  evolution  of  the  cere- 
bral cortex  which  are  distinctive  are  the  following: 

1.  The  telencephalon  possesses  an  unpaired  ventricle  whose 
walls  constitute  a  very  important  part  of  the  forebrain  (telen- 
cephalon medium). 

2.  The  telencephalon  of  primitive  vertebrates  possesses  vis- 
ceral and  somatic  correlating  centers  which  are  the  primordiaof 
the^^hippocampal   formation   and   general   cortex   respectively. 


•oraph. 


Fig.  19.  Sagittal  sections  of  the  forebrain  in  rabbit  embryos  to  show  the  rela- 
tions of  the  commissures.  To  the  left  an  embryo  of  14  days,  10.5  mm.  (Minot 
collection  No.  156);  to  the  right  an  embryo  of  20  days,  29  mm.  (Minot  collection 
no.  171.)    Drawn  as  fig.  18. 

These  correlating  centers  are  equally  old  (unless  the  somatic  be 
the  older)  and  the  terms  archipallium  and  neopallium  are  inap- 
propriate. In  their  stead  should  be  used  some  such  terms  as  vis- 
ceral pallium  and  somatic  palUum. 

3.  These  cortical  primordia  are  at  first  not  involved  in  the 
evagination  of  lateral  lobes,  but  lie  in  the  wall  of  the  unpaired  ven- 
tricle. They  are  gradually  evaginated  into  the  lateral  lobes  in 
selachians,  dipnoans,  amphibians  and  reptiles. 

4.  The  primordium  of  the  visceral  cortex  is  defined  by  (1)  the 
entrance  of  olfactory  fibers  of  the  second  and  third  orders,  (2)  the 
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entrance  of  an  ascending  tract  from  the  hypothalamus  of  general 
visceral  or  gustatory  function  or  both,  (3)  the  possession  of  a  troie 
commissure  in  the  lamina  supraneuroporica  and  another  in  the 
superior  conmiissure  (anterior  and  posterior  pallial  conunissures), 
(4)  the  presence  of  true  fornix,  and  by  (5)  pecuUar  histological 
structure.  With  regard  to  the  conamissures,  the  cyclostomes 
require  further  investigation,  the  ganoids,  teleosts  and  amphibians 
present  a  peculiar  modification  of  the  anterior  pallial  commissure 
and  the  mammals  apparently  lack  a  posterior  pallial  conamissure. 


Fig.  20.  Sketches  for  comparison  of  the  human  embryonic  forebrain  with  that 
ol  the  selachian.  On  the  left  a  sagittal  section  of  the  forebrain  of  Squalus  acan- 
thias  of  about  70  mm.,  from  a  preparation  in  the  Minot  collection.  On  the  right 
a  median  sagittal  section  of  the  forebrain  of  a  human  embryo  (Minot  collection 
no.  181,  slide  Al.  s«c.  l/3).     Drawn  as  fig.  18. 

5.  The  primordium  of  the  somatic  cortex  is  defined  by  (1)  the 
entrance  of  ascending  fibers  from  the  thalamus  (and  tectum  mesen- 
cephali)  chiefly  carrying  cutaneous,  visual  and  muscle-sense  im- 
pulses (exteroceptive  and  proprioceptive  centers) ,  (2)  giving  origin  to 
descending  fibers  to  the  thalamus  and  probably  medulla  oblongata 
and  spinal  cord  (Van  Gehuchten  and  others),  and  (3)  the  posses- 
sion of  a  true  pallial  commissure  (corpus  callosum)  in  the  lamina 
supraneuroporica  except  ganoids,  teleosts,  and  amphibians.  The 
writer  does  not  accept  Edinger's  hypothesis  that  the  oral  sense 
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centers  in  the  telencephalon  play  the  chief  role  in  the  origin  of  the 
cerebral  cortex.  The  area  recognized  by  the  writer  as  the  pri- 
mordium  of  the  somatic  cortex  has  been  assigned  by  all  recent 
authors  to  the  diencephalon  and  is  wholly  distinct  from  any  center 
which  Edinger  has  suggested  for  his  oral  sense.  A  cutaneous 
nerve  of  the  first  head  segment  (nervus  terminalis)  probably 
entered  the  primordium  of  the  general  cortex,  but  this  is  not  an 
essential  part  of  the  account  here  given. 

I  wish  to  express  my  best  thanks  to  Dr.  C.  S.  Minot  for  the 
opportunity  to  study  his  valuable  collection  of  mammalian 
embryos. 


Accepted  by  the  Wlstar  Institute  of  Anatomy  and  Biology  April  2.     Printed  May  20.  1910. 
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ON  THE  GENESIS  OF  AIR  CELLS  IN  THE   CONCH^K 

NASALES^ 

JACOB  PARSONS  SCHAEFFER 

Cornell  University  Medical  College^  Ithaca,  N.  Y. 
WITH  SEVEN  FIGURES. 

Since  the  time  of  Santorini,  who  apparently  was  the  first 
anatomist  to  call  attention  to  the  cavities  frequently  found  in  the 
middle  nasal  conchae,  many  conflicting  and  erroneous  hypotheses 
have  been  advanced  as  to  the  nature  and  origin  of  these  spaces. 
Many  of  the  theories  are  from  the  pens  of  clinicians  who  removed 
at  operation  portions  of  the  walls  of  such  cavities  that  were  changed 
by  pathological  processes,  and  then  attempted  to  explain  the 
origin  of  these  spaces  from  the  altered  tissue  removed. 

It  is  the  purpose  of  this  paper  to  briefly  analyze  some  of  the 
theories  extant  and,  if  possible,  arrive  at  the  true  origin  and 
nature  of  these  cavities — basing  the  conclusions  on  a  study  of 
the  lateral  wall  of  the  nasal  cavity  in  the  fetus,  child,  and  adult. 

These  cavities  have  been  variously  termed  cysts,  abscesses, 
osseous  cysts,  exostoses,  neoplasms,  ectasias  of  the  ethmoid  bone, 
air  cells,  aberrated  ethmoid  cells,  and  when  large  and  occyrring 
in  the  ventral  portion  of  the  conchae  mediae,  as  conchae  bullosae. 

I  have  found  these  cavities,  which  I  consider  as  normal  ethmoid 
cells,  in  the  concha  media,  processus  uncinatus,  and  agger  nasi. 
Schaeffer  reports  an  isolated  case  in  the  concha  inferior,  and 
Bayer  found  one  in  the  concha  superior.  The  usual  seat,  how- 
ever, for  these  cells  is  in  the  anterior  half  of  the  concha  media, 
and  it  is  to  the  cells  in  this  position  that  the  above  terms  have 
been  applied  by  various  writers.  It  is  not  common  to  find  cells 
in  the  adult  superior  conchae.     The  reason  for  this  is  evident 

^Presented  at  the  25th  session  of  the  Amer.  Assoc.  Anat.,  Boston,  December, 
1909. 
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when  we  remember  that  the  adult  superior  ethmoidal  concha' 
are  as  a  rule  merely  thin  lamellae  of  bone  coverirg  medially  the 
posterior  group  of  ethmoid  cells.  The  most  prominent  concha? 
in  this  position  are  due  to  large  posterior  ethmoid  cells  which  push 
the  median  walls  of  the  cells  toward  the  cavum  nasi;  thus  form- 
ing more  pronounced  swellings,  therefore  seemingly  larger  super- 
ior ethmoidal  conchae.  It  must,  however,  be  remembered  that 
the  ethmoidal  conchae  are  primarily  solid  appendages  of  the 
lateral  ethmoidal  masses.  The  developing  posterior  group  of 
ethmoid  cells  do  not  only  extend  into  the  lateral  ethmoidal 
masses,  but  also  into  the  superior  ethmoidal  conchae.  This 
extension  progresses  until  the  conchae  are  represented  finally 
by  mere  thin  lamellae  of  bone,  covered  and  lined  with  mucous 
membrane.  In  this  sense,  portions  of  posterior  ethmoid  cells 
are  always  conchal  cells,  just  as  are  those  which  occupy  the  mid- 
dle conchae. 

Conchal  cells  are  practically  unknown  in  the  concha  inferior, 
because  the  latter  structure  is  too  far  removed  from  the  seat  of 
the  modifications  in  the  ethmoidal  region  consequent  upon  the 
formation  of  the  ethmoidal  fissures,  the  structures  overhung  by 
the  concha  media,  and  the  Anlagen  of  the  paranasal  chambers. 

Santorini  (1739)  in  his  ''Observationes  Anatomicae'' (p.  89), 
calls  attention  to  cavities  in  the  ventral  end  of  the  ccncha 
media  and  claims  priority  in  describing  them.  He  found  the 
cavities  both  in  cadavers  and  skeletons,  but  was  unable  to  find 
ostia  Tor  these  spaces.  He  suggests  that  his  failure  infindir.g 
openings  for  the  cavities  might  be  due  either  to  the  softness  of  the 
mucous  membrane  or  smallness  of  the  apertures,  and  concludes 
that  his  successors  may  find  ostia  for  these  spaces.  He  says: 
''Ejustamen  inveniendi  alterius  erit  otii,  et  sedulitatis  opus." 

Depuytren  ('30)  speaks  of  them  clinically  under  the  title 
of  ^^Kyste  k  parois  osseux  pris  pour  un  polyp  fibro-celleux,''  and 
Chantreuil  ('69)  examined  and  described  a  specimen  under 
the  title  of  ''Exostose  Olluleuse  des  Fosses  Nasales. '' 

Glasmacher  ('84)  writes  on  ^'Knochenblasenbildung  in  der 
Nase, ''  and  describes  a  cell  22  mm.  long  and  18  mm.  wide. 
He  says: 
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Was  nun  die  Knochenblasenbildung  im  Bereiche  der  Muscheln  angeht , 
so  beraerke  ich  vorab,  dass  ich  diese  ebenso  wenig,  wie  im  Siebbein 
fiir  pathologisch  ansehe;  ihre  Wichtigkeit  liegt  nur  in  ihrem  abnormen 
Wachsthum. 

Schaefifer  ('86)  speaks  of  these  cells  and  reports  four  eases 
one  of  which  he  found  in  the  ventral  end  of  the  concha  inferior — 
the  only  cell  of  this  concha  I  have  been  able  to  find  reported  in 
the  literature.  I  will  again  refer  to  this  cell  in  a  subsequent 
paragraph,  in  an  attempt  to  explain  its  genesis.  He  considers 
the  cavities  of  pathological  origin,  and  in  defence  of  his  belief  he 
offers  the  following: 

Zudem  gaben  die  Patienten  an,  dass  sie  seit  Jahren  nach  Erkaltungen 
eine  Zunahme  der  Stenose  des  Nasenganges  beobachtet  batten.  Dieses 
Wachsen  setzt  doch  gewisse  Reize  voraus,  die  es  veranlassen, 
wenn  anders  die  ganze  Knochenblase  nicht  angeboren  ist,  was  in  meincn 
Fallen  nicht  der  Fall  war.  Solche  Processe  miissen  wir  aber  immer 
unter  die  pathologischen  einrechnen. 

He  apparently  fails  to  recognize  that  a  normal  ethmoidal  cell 
developing  in  the  concha  media  will  gradually  lessen  the  lumen 
of  the  nasal  fossa.  A  conchal  cell  will  always  begin  small,  and 
develop  just  as  the  ethmoid  cells  of  the  lateral  mass  but  in  many 
cases  remains  of  such  size  as  to  cause  no  trouble,  and  only  when 
excessively  large  or  diseased  is  the  attention  of  the  clinician 
directed  to  it — unless  discovered  accidentally  when  exploring  this 
region  of  the  nose  for  some  other  cause.  The  stimulus  or  irritant 
of  which  Schaefifer  speaks  causing  the  growth  of  these  cavities 
is  certainly  not  diflferent  from  the  stimuli  which  cause  the  forma- 
tion of  the   other   paranasal   sinuses. 

Macdonald  ('91)  writes  on  these  cells  under  the  title  of, 
'*0n  Cyst  and  Abscess  of  the  Middle  Turbinated  Bone.''  In  a 
previous  discussion  he  ''attempted  to  show  that  the  development 
of  such  structures  might  be  analogous  to  similar  tumors  of  long 
bones, "  and  in  the  article  under  the  above  titlie  he  concludes  the 
theory  as  ''hasty  and  incorrect" — then  advances  his  osteophytic 
theory.     Since  the  latter  theory  has  found  its  way  into  many 
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articles,  also  into  some  text-books,  it  may  not  be  amiss  to  quote 
briefly  from  his  original  paper. 

The  process  in  all  probability  begins  in  an  osteophytic  periostitis, 
a  condition  common  in  this  region,  and  resulting  in  a  general  increase 
in  the  size  of  the  bone  in  every  diameter.  The  free  margin  being  in- 
curved upon  itself,  from  the  pathological  process  just  mentioned,  will 
bring  it  in  contact  and  ultimately  in  union  with  the  body  of  the  bone. 
Thus  a  cavity  may  become  enclosed  and  sealed  at  all  points  by  a 
similar  process  occurring  at  the  extremities/''  He  further  says:  "That 
the  above  is  the  correct  explanation  of  the  lemarkable  neoplasms  is 
proved  by  a  microscopical  examination  of  any  portion  of  the  cyst 
wall;  on  each  side  of  the  thin  lamina  of  bone  is  found  a  layer  of 
mucous  membrane  covered  with  columnar  epithelium." 

The  theory  as  advanced  by  Macdonald  seems  fanciful  and  to 
my  mind  is  certainly  not  the  true  explanation  of  the  origin  of  these 
cavities.  In  some  cases  there  is  a  slight  lateral  and  superior 
curling  of  the  free  border  of  the  concha  media,  thus  increasing 
the  extent  of  the  so-called  sinus  of  the  concha  media,  but  this 
sinus  is  in  no  way  the  homologue  of  conchal  cells.  Testut  and 
Jacob  also  refer  to  this  curling  of  the  concha  media  with  reference 
to  cell  formation. 

According  to  my  specimens,  cells  invariably  have  ostia  conamu- 
nicating  either  with  the  anterior  or  posterior  ethmoid  cells,  with 
the  inferior  ethmoidal  fissure  (meatus  superior)  or  the  infundib- 
ulum  ethmoidale.  Some  cells  conamunicate  directly  with  the 
meatus  medius  under  cover  of  the  concha  media.  Lothrop's 
investigation  of  these  cells  fully  confirms  this.  He  says: 
*  'Every  cell  without  exception  possesses  an  ostium. ' '  In  the  second 
place,  Macdonald's  theory  could  not  account  for  the  cells  having 
their  ostia  opening  into  the  meatus  superior,  nor  for  those  conrnauni- 
cating  with  the  infundibulum  ethmoidale — y^t  in  my  cases  fully 
one-half  of  the  cells  open  in  these  positions.  The  only  factor  in 
defense  of  the  theory  is  that  the  cavities  are  lined  with  colunmar 
epithelium.  However,  this  may  be  explained  in  a  far  more  satis- 
factory manner  if  we  consider  the  development  of  these  cells  as 
analogous  to  that  of  the  ethmoid  cells  of  the  lateral  masses.  In 
fact  very  many  of  these  cells  are  merely  parts  of  other  ethmoid 
cells  (figs.  4  and  5). 
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Knight  ('92)  reported  a  case  under  the  title  of,  *'Cyst  of  the 
Middle  Turbinate/'  He  mentions  two  possible  theories,  viz : 
(a)  the  ''result  of  a  rarefying  osteitis,*'  (6)  that  of  Macdonald 
as  given  above.    In  his  text-book  ('03)  he  says : 

In  the  majority  of  cases  it  doubtless  results  from  a  rarefying 
osteitis  inducing  absorption  of  the  interior  of  the  body  of  the  bone. 

This  latter  theory  is  not  permissible  when  we  recall  that  these 
cells  or  cavities  are  lined  with  mucous  membrane  similar  to  that 
of  the  ethmoid  cells  of  the  lateral  masses. 

Reardon  C98),  writes  on  ''Osseous  Cysts  of  the  Middle  Turbi- 
nate." He  thinks  the  cavities  are  either  ectasias  of  the  ethmoid 
which,  as  the  ethmoid  develops,  become  separated  from  it  com- 
pletely or  incompletely;  or  are  aberrated  ethmoidal  cells  which 
developed  in  the  conchse  (He5rmann's  theorj')- 

It  is  easily  understood  why  many  clinicians  continually  refer 
to  these  cavities  as  cysts,  osseous  cysts,  abscesses,  etc.,  Decause 
they  generally  have  their  attention  directed  to  them  only  when 
they  are  diseased,  unless  the  air  cell  becomes  very  large  without 
disease  and  leads  to  symptoms  of  obstruction  and  pressure.  They 
then  attempt  to  explain  the  genesis  of  these  primarily  normal  cells 
from  the  pathological  condition  found. 

It  must  be  remembered  that  these  conchal  cells,  like  any  of  the 
ethmoid  cells  or  other  paranasal  sinuses,  may  become  the  seat  of 
an  empyema  or  mucocele,  and  enlarge,  because  the  ostia  of  these 
cells  are  invariably  placed  at  the  highest  points  of  the  cavities  and 
very  disadvantageously  placed  as  drainage  openings — a  fact 
easily  understood  if  we  consider  their  development.  The  exist- 
ence of  air  cells  in  the  conchse,  etc.,  is  certainly  not  the  result  of 
an  empyema  or  rarefying  osteitis,  but  because  these  cells  are  nor- 
mally found  in  these  positions,  they  may  become  the  seat  of  path- 
ological conditions  just  as  any  other  cell  of  the  ethmoid  labyrinth. 

Zuckerkandl  refers  to  the  distension,  by  an  air  cell,  of  the  ven- 
tral extremity  of  the  concha  media  as,  "concha  bullosa." 

Lothrop  after  studying  a  large  number  of  these  cavities  in 
adult  specimens  concludes  that  they  are  ethmoid  cells — a  view 
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also  held  by  Shambaugh,  who  speaks  of  them  as  ''anatomical 
variations  of  ethmoid  cells." 

In  order  to  better  understand  these  cells  and  see  that  they  are 
nothing  other  than  ethmoid  cells,  it  is  essential  that  we  briefly 
consider  the  origin  of  the  ethmoid  labyrinth.  The  location  of 
these  cells  appears  less  abnormal  when  we  recall  that  the  ethmoi- 
dal conchsB  and  uncinate  processes  are  merely  appendages  of 
the  lateral  ethmoidal  masses.  There  is  no  reason,  therefore,  why 
ethmoid  cells  should  not  at  times,  in  the  formation  of  the  ethmoid 
labyrinth,  grow  into  these  appendages  just  as  they  grow  into  the 
lateral  ethmoidal  masses. 

According  to  my  reconstructions  of  the  lateral  wall  of  the  nasal 
cavity  of  different  aged  fetuses,  the  primitive  ethmo-turbinal  fold, 
with  its  subsequent  modifications  is  not  only  concerned  in  pro- 
ducing the  ethmoidal  conchse  and  intervening  furrows  (meati), 
but  also  the  structures  operculated  by  the  middle  nasal  soncha: 
viz.,  the  processus  uncinatus,  the  bulla  ethmoidalis,  the  hiatus 
semilunaris,  and  the  infundibulum  ethmoidale.  These  modifi- 
cations are  also  intimately  related  with  the  Anlagen  of  the  para- 
nasal sinuses. 

The  posterior  group  of  ethmoid  cells  are  primarily  constricted 
from,  or  are  direct  extensions  of,  the  furrows  separating  the  primi- 
tive ethmoidal  conchse,  and  the  anterior  group  develop  from 
the  preformed  accessory  fiurows  of  the  middle  meatus — whence  are 
in  relation  with  the  grooving  and  structures  found  in  this  location. 

Frontal  sections  of  the  fetal  nose  before  birth  (fig.  1)  already  indi- 
cate the  Anlage  of  the  ethmoid  labjn'inth,  and  at  term  it  is  com- 
paratively well  advanced  (fig.  2).  In  this  connection  it  is  an 
interesting  fact  that  the  ostia  of  conchal  cells  invariably  conrniu- 
nicate  directly  or  indirectly  with  the  points  at  which  the  eth- 
moid cells  developed  their  Anlagen.  These  cells  are  either  parts 
of  other  ethmoid  cells  (figs.  4,  5),  or  they  conmiunicate  directly 
with  the  superior  meatus  (fig.  4),  with  the  infundibulum  eth- 
moidale (fig.  6),  or  directly  with  the  ventral  end  of  the  middle 
meatus  (fig.  5).  The  ostia  in  the  latter  case  are  on  the  lateral 
wall  of  the  concha  media. 
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Fig.  4.  Drawing  from  a  specimen  of  the  lateral  nasal  wall.  The  cell  extending 
into  the  agger  nasi  and  into  the  processus  uncinatus  communicates  with  the 
infundibulum  ethmoidale.  Note  that  the  ethmoid  labyrinth  is  largely  replaced 
by  a  very  large  bullous  cell  extending  into  the  concha  media  and  communicating 
with  the  ventral  extremity  of  the  meatus  superior. 


V^ 


v_^^ 


"^^l 


Fig.  6.  Drawing  from  a  specimen  of  the  lateral  nasal  wall.  The  arrows  indi- 
cate the  ostia  of  the  several  cells.  Note  that  one  of  the  cells  which  communicates 
with  the  meatus  superior  extends  into  the  concha  media.  Note  also  the  cell  in 
ventral  extremity  of  the  concha  media  with  an  independent  ostium  conmiunicat- 
ing  directly  with  the  meatus  medius. 
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Although  theAnlagenof  the  ethmoid  cells  are  prunarily  constric- 
tions from  the  nasal  fossse,  yet  the  extension  and  development  of 
these  cells  depend  upon  the  simultaneous  processes  of  growth  (of 
the  sacs)  and  resorption  (of  surrounding  tissue).  In  this  manner, 
as  age  advances,  the  cells  extend  farther  and  farther  into  the  lat- 
eral masses  of  the  ethmoid  bone,  and  in  the  adult  are  completed 
by  the  articulation  of  the  ethmoid  bone  with  the  frontal,  lacrimal, 
sphenoid,  maxillary,  and  palate  bones.  These  developmental 
processes  are  doubtless  in  some  cases  carried  further  than  in  others, 
hence  the  extension  of  ethmoid  cells  not  only  farther  into  the  lat- 
eral masses  of  the  ethmoid  bone,  but  also  into  its  appendages,  such 
as  the  ethmoidal  conchse  and  uncinate  processes.  Ethmoidal 
cells  also  at  times  extend  into  the  agger  nasi  and  encroach  upon 
the  sinus  frontales  and  sphenoidales. 

A  reference  to  figs.  4  and  5  shows  the  extension  of  the  inferior 
ethmoidal  groove  (meatus  superior)  not  only  into  the  lateral  mass 
but  also  into  the  concha  media,  thus  forming  conchal  cells  which 
are  merely  parts  of  the  lateral  mass  cells.  At  first  thought  it 
may  seem  difficult  to  account  for  the  conchal  cells  having  their  ostia 
opening  inferior  to  the  attachment  of  the  concha  media,  either  into 
the  middle  meatus  or  the  infundibulum  ethmoidale  (figs.  4,  6,  6). 
However,  when  we  remember  the  great  modifications  of  this  por- 
tion of  the  middle  meatus  overhung  by  the  concha  media,  conse- 
quent upon  the  formation  of  the  structures  found  here,  and  that 
the  anterior  group  of  ethmoid  cells  have  their  origin  in  this  posi- 
tion, it  is  not  difficult  to  see  how  some  of  these  cell-Anlagen  may 
extend  not  only  into  the  lateral  mass  of  the  ethmoid  bone,  but 
also  into  the  uncinate  process,  the  concha  media,  and  the  agger 
nasi  (figs.  4, 5^-6).  Fig.  3  shows  a  small  cell  already  present  in  the 
concha  media  of  a  fetus  at  term.  Of  course  most  conchal  cells 
must  necessarily  appear  comparatively  late  in  the  formation  of 
the  ethmoid  labyrinth,  since  the  positions  they  occupy  with  ref- 
erence to  the  ethmoid  cell  Anlagen  are  relatively  far  removed. 
The  extensions  into  the  conchse,  etc.,  would,  therefore,  in  most 
cases  be  delayed — probably  until  puberty,  or  even  later,  when 
the  ethmoid  labyrinth  reaches  its  full  development.  This  ex- 
plains Knight^s  statement :  *  *  Children  seem  to  be  exempt.  None 
of  my  patients  was  under  20  years  of  age.'' 
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Fig.  6.    Drawing  from  a  specimen  of  the'lateral  nasal  Vail.    Note  the  large  cell 
in  the  concha  media  communicating  with  the  infunidbulum  ethmoidale. 


Fig.  7.    Drawing  of  a  frontal  section  through  the  head  of  an  adult.     Note  the 
bilateral  conchal  cells  in  the  middle  nasal  conchse. 
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Figs.  4  and  5  show  the  extension  of  ethmoid  cells  into  the  agger 
nasi.  There  is  no  reason  why  cells  in  this  location  should  not 
extend  farther,  and  finally  reach  and  occupy  the  ventral  end  of  the 
concha  inferior.  Such  an  extension  would  explain  Schaeffer's  cell 
of  the  ventral  end  of  the  inferior  nasal  concha. 

Occasionally  multiple  cells  are  present,  separated  by  thin  par- 
titions— each  cell  having  an  independent  ostium,  or  in  communi- 
cation with  either  a  cell  of  the  anterior  or  one  of  the  posterior 
group  (fig.  5).  Both  conchae  mediae  of  the  same  individual  may 
contain  cells  (fig.  7),  or  one  may  be  free  of  such  cavities  and  the 
other  contain  one  or  more  cells.  Figs.  6  and  7  show  the  bullous 
type  of  cells — termed  by  Zuckerkandl  '^conchae  buUosae." 

Sex  apparently  does  not  have  any  bearing  on  the  development 
of  conchal  cells,  and  they  are  about  equally  divided  as  to  whether 
the  ostia  open  superior  or  inferior  to  the  attached  border  of  the 
concha  media. 

The  cells  found  in  the  conchse,  uncinate  processes,  agger  nasi, 
and  those  extending  into  the  frontal  and  sphenoidal  sinuses,  do 
not  differ  in  any  manner  from  the  ethmoid  cells  of  the  lateral 
masses.  The  mucous  membrane  lining  these  conchal  cells  is 
extremely  thin,  but  corresponds  in  its  general  structure  with  that 
lining  the  other  ethmoid  cells — unless  changed  by  a  pathological 
process. 

Santorini  thought  the  condition  quite  common,  but  says  he 
should  not  venture  to  say  that  the  condition  is  constant.  He 
apparently  regarded  these  cells  as  much  more  common  than  they 
really  are.  According  to  Reardon,  Zuckerkandl  observed  them 
eight  times  in  172  skulls.  Knight  says  that  Zuckerkandl 
'^ found  them  thirty-six  times  in  200  post-mortem  examinations.'^ 
Lothrop  found  them  in  9  per  cent  of  all  cases,  and  11  per 
cent  of  the  writer's  specimens  showed  cells  in  the  locations  men- 
tioned in  a  previous  paragraph.  The  latter  conclusions  are  based 
upon  an  examination  of  150  adult  nasal  fossae. 
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CONCLUSIONS 

1.  The  cells  found  in  the  concha  nasalis  media,  agger  nasi,  and 
processus  uncinatus  are  true  ethmoid  cells,  because: 

(a)  They  differ  in  no  manner  from  the  cells  of  the  lateral  eth- 
moidal masses; 

(6)  Their  ostia  are  invariably  located  at  the  points  from  which 
the  ethmoid  cells  developed  their  Anlagen ; 

(c)  They  are  frequently  merely  portions  of  lateral  mass  cells. 

2.  The  cells  invariably  have  ostia  which  conmiunicate  either 
with  the  superior  meatus,  with  the  ethmoidal  infundibulum,  or 
directly  with  the  middle  meatus. 

3.  The  conchal  cells  may  become  the  seat  of  a  mucocele, 
abscess,  etc.,  just  as  may  the  cells  of  the  lateral  ethmoidal  masses, 
but  to  say  that  these  cells  owe  their  genesis  to  such  pathological 
conditions  is  erroneous. 

4.  The  so-called  middle  conchal  sinus  formed  by  the  lateral 
and  superior  curling  of  the  free  border  of  the  concha  media  is  not 
homologous  with,  nor  analogous  to  a  conchal  cell;  nevertheless 
in  some  cases  it  may  retain  fluid  in  its  hanunock-like  fold.  The 
majority  of  conchae  mediae,  however,  do  not  show  this  sinus,  and 
when  present  it  is,  as  a  rule,  of  minor  importance. 
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SUPPLEMENTARY  ANNOUNCEMENT 

THE  II.  INTERNATIONAL  CONGRESS  OF  ANATOMY 
Brussels f  August  7-11,  1910 

The  American  Association  of  Anatomists  is  one  of  five  national  ana- 
tomical associations  participating  in  the  II.  International  Congress  of 
Anatomy.  This  congress  will  constitute  the  twenty-sixth  session  of  the 
American  Association  of  Anatomy.  Members  intending  to  attend  this 
congress  are  requested  to  notify  the  Secretary  of  the  American  Associa- 
tion of  Anatomists  at  an  early  date  and  transmit  to  him  titles  of  papers 
or  demonstrations  they  desire  to  present.  Titles  must  be  in  the  hands  of 
the  Secretary  of  the  American  Association  not  later  than  June  25. 

Inquiries  concerning  Anatomy,  Comparative  Anatomy  and  Embry- 
ology may  be  addressed  to  Professor  Brachet,  rue  Snesscns  18,  or  Doctor 
E.  Willems,  rue  Paul  Lauters  5. 

Inquiries  concering  Histology  may  be  addressed  to  Professor  Joris, 
rue  du  Prfeident,  or  Doctor  Sand,  rue  des  Minimes. 

Inquiries  concerning  lodgings  and  requests  to  have  rooms  reserved 
should  be  addressed  to  Doctor  Brunin,  Chef  des  travaux,  18  Avenue  de 
la  Renaissance. 

The  scientific  sessions  will  be  held  during  the  forenoons,  from  9  to  1 
o^clock,  in  the  physical  lecture  room  of  the  University,  14  rue  des  Sols; 
the  demonstrations  in  the  Anatomical  or  Physiological  Institutes,  Park 
Leopold. 

G.  Carl  Huber,  Secretary^ 
1330  Hill  Street,  Ann  Harbor,  Michigan. 

We  are  also  imformed  by  the  Rockefeller  Institute  that  Professor 
Jacques  Loeb  has  been  appointed  head  of  the  new  department  of  experi- 
mental biology.  "Here  he  will  go  on  with  his  scientific  work,  following 
his  own  genius  without  special  reference  to  problems  in  medicine,  to 
which  ultimately  everything  refers."  Loeb  is  well  known  to  anatomists 
by  his  work  on  regeneration,  teratology  and  experiments  of  fertilization, 
and  his  appointment  by  the  Rockefeller  Institute  is  therefore  of  signifi- 
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cance  to  anatomists.  That  this  Institute  is  so  foresighted  in  its  plans  is 
a  source  of  gratification  to  those  who  are  promoting  scientific  anatomy. 
The  splendid  example  that  the  Rockefeller  Institute  is  setting  in  medical 
research  may  be  received  as  a  hint  to  our  medical  schools  that  are  striv- 
ing so  hard  to  move  forward.  Every  great  medical  school  should  be  a 
Rockefeller  Institute,  and  it  is  clear  that  this  is  possible  only  by  the 
appointment  of  great  men  as  professors. 

We  are  authorized  to  announce  that  Prof.  H.  D.  Senior  of  Syra- 
cuse University  has  accepted  the  call  to  the  chair  of  anatomy  at  New 
York  Universitjr  (Bellevue).  With  one  exception,  this  appointment 
completes  the  reform  of  the  anatomical  departments  in  the  twenty-five 
leading  medical  schools.  In  them  the  example  set  by  the  University  of 
Pennsylvania,  Harvard,  the  University  of  Michigan,  Columbia  and  Johns 
Hopkins  has  been  followed  by  filling  the  chairs  of  anatomy  with  profes- 
sional anatomists,  which  we  believe  to  be  a  marked  step  in  advance. 
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THE  RELATION  OF  THE  MYOTOMES  TO  THE  VEN- 
TRaLATERAL  MUSCULATURE  AND  TO  THE 
ANTERIOR  LIMBS  IN  AMBLYSTOMA 

WARREN  H.  LEWIS 

From  the  Anatomical  Laboratory ^  Johns  Hopkins  University 

WITH  EIGHT  FIGURES 

THE  NORMAL  DEVELOPMENT 

The  formation  of  the  myotomes  begins  at  an  early  stage  before 
the  tail  bud  makes  its  appearance.  At  a  stage,  shown  in  fig.  1,^  in 
which  there  is  a  small  tail  bud  present,  there  are  fifteen  myotomes 
and  the  sixteenth  is  partly  formed.  At  this  stage  the  anterior 
myotomes  have  just  separated  off  from  the  lateral  mesoderm. 
The  first  myotome  is  irregular  in  shape  and  lies  m  close  relation 
with  the  gill  mass.  The  third,  fourth  and  fifth  myotomes  are 
still  attached  to  the  pronephros.  The  ventral  processes  of  the 
first  three  myotomes  are  just  beginning.  Fig.  2,  shows  a  stage, 
about  two  days  later.  There  are  no  signs  of  the  arm  bud  at  this 
time,  either  in  the  dissected  specimens  or  in  the  cross  sections. 
From  now  on,  there  is  a  rapid  growth  of  the  ventral  processes  of 
the  myotomes.  The  ventral  processes  of  the  anterior  three 
myotomes  pass  in  front  of  the  pronephros,  while  the  fourth  lies 
behind.  These  ventral  processes  avoid  the  region  of  the  prone- 
phros and  futiu'e  arm  bud  and  gradually  grow  over  the  lateral 
surface  of  the  embryo,  the  first  one  faster  than  the  second,  the 
second  faster  than  the  third,  and  so  on,  so  that  the  first  and  second 
may  be  well  advanced  before  the  seventh  and  eighth  appear. 

At  a  somewhat  later  stage  than  that  shown  in  fig.  2,  we  find  that 
ventral  to  the  pronephros  the  ventral  processes  of  the  third  and 
the  fourth  myotomes  unite  to  make  this  lateral  sneet  continuous. 

^  The  figures  are  all  from  dissected  specimens,  which  were  fixed  in  corrosive- 
acetic  solution. 
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Fig.  1.    Operating  stage, 
my  I,  first  myotome ;  pro,  pronephros;  sp,  spinal  cord;  g,  gill  mass. 


pro     0 
Fig.  2.    Somewhat  later  stage  showing  ventral  processes  of  anterior  myotomes. 

The  ventral  processes  of  the  first,  second,  and  third  become  com- 
pletely separated  from  the  myotomes,  partly  by  the  pronephros, 
and  form  the  stemo-hyoid  portion  of  the  ventral  musculature. 
From  the  first  segment  of  the  sterno-hyoid  the  genio-hyoid  arises. 
The  pronephros  also  gradually  separates  a  portion  of  the  ventral 
process  of  the  fourth  segment  from  its  dorsal  part.  The  segmen- 
tation of  the  ventro-lateral  musculatiu'e  can  be  observed  even 
after  the  musculature  is  split  into  different  layers.  From  the 
first  and  second  myotomes  a  lateral  chordal  mass  early  splits  ofif 
and  is  separated  from  the  dorsal  portion  of  the  myotome  by  the 
vagus  ganglion  and  the  otic  capsule.  Fig.  3,  shows  normal  re- 
lations of  an  embryo  twenty  days  older  than  the  one  shown  in 
fig.  1.  The  arm  has  been  dissected  away  leaving  only  the  myoto- 
mic  musculatiu'e.  The  arm  bud  does  not  appear  until  sometime 
after  the  operation  stage  (fig.  1)  and  lies  in  close  relation  to  the 
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Fio.  3.  Normal  larva  twenty  days  after  operation  stage,  leg  has  been  dissected 
away,  my  I,  first  myotome;  oc,  otic  vesicle;  gehy,  genio-hyoid;  sthy,  stylohy- 
oid; Ic,  lateral  chordal  muscle;  pro,  pronephros. 

pronephros  in  the  region  of  the  second,  third,  fourth  and  fifth 
myotomes,  mainly  the  third  and  fourth. 

The  cells  of  the  arm  bud  apparently  arise  from  the  somatop- 
leure  in  the  region  of  the  pronephros  and  not  from  the  myotomes, 
they  gradually  form  a  protuberance  on  the  surface  of  the  embryo. 
The  lateral  myotomic  muscle  sheet  gradually  spreads  out  beneath 
the  arm  mass,  that  is  medial  to  it  but  superficial  to  the  prone- 
phros. 

EXPERIMENTS 

In  the  following  series  of  experiments  with  the  exception  of  the 
second,  I  have  attempted  to  remove  various  myotomes  at  the 
stage  shown  in  fig.  1,  that  is,  at  the  time  just  after  the  myotomes 
have  separated  off  from  the  lateral  mesoderm.  The  following 
results  are  based  not  only  upon  the  study  of  dissected  specimens 
but  upon  serial  sections  as  well. 

In  the  first  series  attempts  to  remove  the  first  myotome  only 
were  not  entirely  successful,  although  in  a  number  of  experiments 
it  was  found  that  twenty  days  after  the  operation  the  dorsal  part 
of  the  first  myotome  was  almost  completely  absent  and  in  such 
cases  the  anterior  segment  of  the  lateral  chordal  mass  was  very 
small.  In  all  of  these  experiments  however,  the  anterior  end  of  the 
ventral  muscle  mass,  namely  the  sterno-hyoid  was  present,  though 
smaller  than  normal  in  one  case.  The  failure  to  extirpate  com- 
pletely the  first  myotome  was  probably  on  account  of  the  diffi- 
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culty  of  cutting  out  the  ventral  portion,  which  lies  in  such  close 
relation  with  the  gill  mass,  and  which  gives  rise  to  the  anterior 
end  of  the  ventral  musculature. 

In  the  second  series  of  experiments,  an  attempt  was  made  to 
remove  the  ventral  halves  of  the  first  three  myotomes  at  a  stage 
slightly  older  than  that  shown  in  fig.  1.  In  one  partially  suc- 
cessful experiment  killed  twenty  days  after  the  operation  the 
dorsal  part  of  these  three  myotomes  was  intact.  The  lateral 
chordal  part  of  the  first  myotome  was  entirely  wanting  and  that 
of  the  second  myotome  very  much  smaller  than  normal;  the  first 
segment  of  the  ventral  muscle  mass,  that  is  of  the  sterno-hyoid, 
was  entirely  wanting,  and  also  the  genio-hyoid  which  arises  from 
it.     The  second  ventral  segment  was  very  small  and  thin,  while 


Fio.  4.  Larva  twenty  days  after  removal  of  anterior  three  myotomes  (first 
and  third  only  partly  removed).  The  lateral  chordal  and  ventral  derivatives  of 
these  myotomes  are  wanting. 

the  third  was  apparently  normal.  In  the  remaining  experiments 
of  this  series  the  dorsal  and  lateral  chordal  portions  of  the  myo- 
tomes are  apparently  uninjured  while  the  sterno-hyoid  and  genio- 
hyoid muscles  are  smaller  than  normal  especially  at  the  anterior 
end  where  they  are  almost  completely  wanting  in  some  of  the 
experiments.  It  is  evidently  difficult  to  remove  the  ventral  por- 
tion of  the  myotome  entirely  at  this  stage. 

In  the  third  series  of  experiments  an  attempt  was  made  to 
take  out  completely  the  first  three  myotomes  with  the  ectoderm 
over  them.  In  an  embryo  killed  twenty  days  after  the  operation, 
the  conditions  were  found  as  shown  in  figure  4.  The  dorsal  part 
of  the  first  myotome  is  small,  the  first  segment  of  lateral  chordal 
mass  and  the  sterno-hyoid  are  wanting  as  well  as  the  genio-hyoid. 
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The  second  myotome  as  well  as  its  derivatives  is  entirely  absent. 
The  third  myotome  is  small  and  the  third  segment  of  the  sterno- 
hyoid is  absent.  It  is  very  evident  that  one  need  not  extirpate 
the  entire  myotome  in  order  to  prevent  the  development  of  the 
ventro-laterai  derivatives.  In  another  experiment,  the  embryo 
was  killed  ten  days  after  the  operation,  the  dorsal  part  of  the  first 
myotome  was  found  to  be  very  small,  while  that  of  the  second 
and  third  were  wanting.  The  lateral  chordal  as  well  as  the  ventro- 
lateral musculature  derived  from  these  segments  was  found  to  be 
absent  as  in  fig.  4.  The  fourth  ventral  segment  was,  however 
much  more  elongated  than  the  one  shown  in  fig.  4.  The  other 
experiments  of  this  series  show  various  degrees  of  extirpation  of 
these  myotomes,  usually  with  the  corresponding  absence  of  their 
derivatives,  namely  the  lateral  chordal  mass  and  the  stemo-hyoid 


y.J^Q»    6.    Larva  nineteen  days  after  removal  of  the  fourth  myotome.    Dorsal 
view. 
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Fig.  6.  Lateral  view  of  larva  shown  in  fig.  5.  The  ventral  muscular  derivative 
of  the  fourth  myotome  wanting. 

and  genio-hyoid  muscles,  or  in  some  cases  where  these  derivative 
muscles  are  not  entirely  wanting,  they  are  found  to  be  smaller 
than  normal. 

In  the  fourth  series  of  experiments,  I  attempted  to  take  out  the 
fourth  myotome  only.  In  one  very  successful  experiment, 
apparently  this  entire  myotome  was  extirpated;  as  a  result,  we 
find  nineteen  days  after  the  operation  that  the  myotome  and  its 
muscle  derivatives  are  entirely  wanting,  see  fig.  5  and  6.  In 
another  experiment  where  the  myotome  was  apparently  entirely 
extirpated  we  find  that  the  ventro-lateral  muscle  forms  a  con- 
tinuous sheet.  This  is  due  to  the  elongation  of  the  preceding  and 
succeeding  segments  of  the  ventro-lateral  musculature  to  fill  in 
the  gap. 

In  the  fifth  series  of  experiments,  I  attempted  to  remove  the 
second,  third,  fourth  and  fifth  myotomes.  These  myotomes 
were  apparently  completely  extirpated  in  an  embryo  killed  twenty- 
six  days  after  the  operation.  Figs.  7  and  8  from  a  dissection 
show  the  following  results.  The  second,  third,  fourth  and  fifth 
myotomes  are  completely  wanting,  as  are  also  the  muscular  deriv- 
atives of  these  myotomes.  We  find  that  the  sixth  myotome  (both 
dorsal  and  ventral  portions)  has  elongated,  the  dorsal  portion  to 
nearly  the  length  of  three  myotomes,  and  the  ventral  portion  so 
as  to  partly  fill  in  the  gap  between  it  (figs.  7  and  8)  and  the  first 
segment  of  sterno-hyoid  muscle.  In  fact,  the  ventral  edge  of  the 
ventral  muscle  has  extended  so  as  to  meet  the  elongated  first 
segment.  In  another  experiment,  the  third  and  fourth  myotomes 
were  apparently  completely  extirpated  and  the  second  and  fifth 
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Figs.  7  and  8.  Larva  killed  twenty-six  days  after  complete  removal  of  the 
second ,  third,  fourth  and  fifth  myotomes.  Dorsal  and  lateral  views.  The  muscular 
derivatives  of  these  myotomes  wanting. 

partially.  The  ventral  lateral  muscle  shows  complete  absence 
of  the  third  and  fourth  segments  and  imperfect  development  of 
the  second  and  fifth,  while  the  sixth  segment  is  very  much  elong- 
ated. The  gap,  however,  which  might  be  expected  from  the  com- 
plete absence  of  the  third  and  fourth  segments  is  nearly  filled  in 
by  the  elongation  of  the  ventral  portions  of  the  remaining  seg- 
ments. Still  other  experiments  show  much  the  same  results, 
the  condition  of  the  ventral  musculature  depending  upon  the 
degree  of  extirpation.  This  elongation  of  segments  to  fill  in  the 
gap  caused  by  the  extirpation  of  certain  segments  takes  place 
in  nearly  all  of  the  experiments  and  probably  would  be  complete 
if  the  animals  were  allowed  to  live  for  a  greater  length  of  time 
after  the  experiment.  The  condition  found  by  Miss  Byrnes^  in 
her  experiments  on  Amblystoma  in  which,  after  destruction  of 
the  ventral  halves  of  the  myotomes  in  the  region  of  the  posterior 
limb  the  ventral  musculature  was  present,  is  evidently  to  be  ex- 
plained through  elongation  of  the  remaining  myotomes  or  their 
ventral  processes.  It  is  very  unlikely  that  this  regeneration  takes 
place  from  the  muscle  of  the  opposite  side  as  there  is  a  wide  gap 
between  the  two  sides  in  the  mid- ventral  line. 
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THE  RELATION  OF  THESE  EXPERIMENTS  TO  THE  ANTERIOR  LIMB 

It  was  found  in  most  of  these  experiments  that  extirpation  of 
myotomes,  either  the  first,  second,  and  third,  the  fourth,  or  the 
second,  third,  fourth  and  fifth,  made  no  difference  in  the  develop- 
ment of  the  musculatiu'e  of  the  leg,  even  complete  absence  of 
these  myotomes  was  not  accompanied  by  defects  in  the  muscu- 
lature of  the  limb.  In  a  few  experiments,  however,  the  anterior 
limbs  were  absent  or  defective  or  the  development  was  retarded, 
probably  due  to  extirpation  along  with  the  myotomes  of  all  or 
some  of  the  cells  destined  to  form  the  limb  rudiment.  These 
experiments  show  then  very  conclusively  that  the  musculature 
of  the  limb  is  not  derived  from  the  myotomes.  The  experiments 
were  primarily  directed  toward  this  problem  and  the  extirpation 
of  the  myotomes  was  done  immediately  after  and  in  some  cases 
even  before  separation  of  the  myotomes  in  the  limb  region  from 
the  lateral  mesoderm  and  before  there  was  any  chance  for  myo- 
tome processes  to  have  entered  the  place  where  the  limb  was  later 
to  arise.  These  results  agree  with  those  of  Byrnes^  on  the  relation 
of  the  limb  muscles  to  the  myotomes. 

We  have  seen  from  fig.  2,  that  in  the  normal  development  the 
myotome  processes  avoid  the  region  of  the  pronephros  and  of  the 
limb,  and  that  it  has  been  impossible  to  trace  in  a  study  of  the 
normal  development  either  myotome  buds  or  cells  into  the  limb 
bud. 

Both  the  experimental  evidence  and  the  study  of  the  normal 
development  support  the  idea  that  the  musculature  of  the  ante- 
rior limbs  of  Amblystoma  develops  in  situ  and  is  in  no  way 
derived  from  the  myotomes  or  their  ventral  processes. 

^  Journ.  of  Morph.  1898.    Vol.  14. 


Accepted  by  the  Wistar  Institute  of  Anatomy  and  Biology  March  20,   1910. 
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LOCALIZATION  AND  REGENERATION  IN  THE  NEURAL 
PLATE  OF  AMPHIBIAN  EMBRYOS 

WARREN  H.  LEWIS 
From  the  AncUamical  Laboratory,  Johns  Hopkins  University 

.    WITH  ELEVEN  FIGURES 

EXPERIMENTS  ON  RANA  PALUSTRIS^ 

It  has  already  been  shown  that  the  dorsal  and  lateral  lips  of 
the  blastopore  of  Rana  palustris,  when  transplanted  mto  slightly 
older  embryos,  possess  considerable  powers  of  self-differentiation 
into  chorda,  muscle,  and  nervous  tissue.  At  this  early  stage, 
chorda  and  muscle  differentiate  much  more  completely  and  nor- 
mally than  nervous  tissue.*  Evidently  the  cells  in  the  lips  of  the 
blastopore  destined  to  form  nervous  tissue  possess  to  a  limited 
extent  only  the  power  of  self-differentiation  when  thus  trans- 
planted and  removed  form  their  normal  environment,  while  the 
cells  destined  to  from  chorda  and  muscle  have  already  attained 
greater  powers  of  self-differentiation.'  It  is  of  course  impossi- 
ble at  this  early  stage  to  distinguish  in  the  lips  of  the  blastopore 
by  the  ordinary  histological  methods  the  cells  which  are  to  form 
muscle  from  those  that  are  to  form  chorda  or  nervous  tissue. 
These  experiments  however  indicate  very  clearly  that  there  are 
very  profound  differences  in  the  cells  themselves  apart  from  any 
environmental  differences. 

*  All  the  embryos  experimented  upon,  both  Rana  palustris  and  Amblystoma, 
were  killed  in  Zenker's  fluid,  cut  into  serial  sections,  10//.  in  thickness,  and  stained 
in  hematoxylin  and  congo  red. 

'  Lewis,  Experiments  on  the  regeneration  and  differentiation  of  the  central  ner- 
vous system  in  Amphibian  embryos.  Am,  Jour,  of  Anal.,  vol.  5,  1906.  Preliminary 
note  before  the  Am.  Ass.  of  Anatomists.    Dec.  27,  1905. 

'  Lewis,  Transplantation  of  the  lips  of  the  blastopore  in  Rana  palustris,  Am. 
Jour,  of  Anat.f  vol.  7, 1907. 
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In  another  series  of  experiments  on  somewhat  older  gastrul© 
of  Rana  paltistris,  small  pieces  were  cut  out  anterior  to  the  dorsal 
lip,  from  the  region  which  later  would  form  the  anterior  part  of 
the  neiu'al  plate.  Such  pieces  when  transplanted  into  the  mesen- 
chyme in  the  otic  region  of  an  older  embryo  continue  to  differen- 
tiate into  nervous  tissue,  with  nuclear  and  reticular  zones  irregu- 
larly arranged.  Small  irregular  ventricular  spaces  are  sometimes 
found  and  nerves  are  often  given  ofif  into  the  surrounding  mes- 
enchyme.^ Most  of  these  embryos  were  killed  twelve  days  after 
the  operation,  yet  there  is  no  indication  of  any  degeneration  of  the 
transplanted  tissue  such  as  occurred  in  the  nervous  tissue  in  the 
preceding  series.  There  has  evidently  been  a  considerable 
advance  in  the  power  of  self-differentiation  of  this  nervous  tissue 
from  that  found  in  the  lips  of  the  blastopore  of  the  earlier  stage. 

In  still  older  gastrulse  of  Rana  palustriSj  just  before  closure  of 
the  blastopore  when  the  neural  plate  is  faintly  outlined,  small 
pieces  of  the  neural  plate  were  cut  out  and  transplanted  into  older 
embryos.  Piece  3,  (see  fig.  1),  from  the  region  of  the  medulla, 
extending  from  the  primitive  groove  part  way  to  the  neural  fold 
was  transplanted  in  such  a  manner  as  to  be  entirely  siu'rounded  by 
mesenchyme.  The  embryo  was  killed  ten  days  after  the  operation 
and  the  sections  show  imbedded  in  the  mesenchyme  ventral  to  the 
otic  vesicle  a  quite  normal  shaped  medulla.  A  section  through 
it  is  very  similar  to  one  through  the  normal  medulla,  (see  fig.  2). 
This  small  unilateral  transplanted  piece  has  developed  into  a 
perfectly  bilateral  structm^e  with  a  large  ventricle  and  thin  roof. 
Even  the  arrangement  of  the  nuclear  and  reticular  zones  is  bilat- 
eral and  shows  remarkable  similarity  to  the  arrangement  in  the 
section  of  normal  medulla  seen  in  the  same  figure.  The  trans- 
planted piece  becomes  smaller  at  .either  end  and  the  ventricle  is 
entirely  closed.  Had  the  piece  remained  in  its  original  place  in 
the  neural  plate  it  would  probably  have  formed  only  a  portion 
of  one  side  of  the  medulla  and  have  taken  no  part  in  the  forma- 
tion of  the  roof  of  the  ventricle. 

*  Lewis,  Am.  Jour,  oj  AnaL,  vol.  6, 1907,  p.  469,  figures  5  and  6. 
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Piece  1,  fig.  1,  was  transplanted  in  a  similar  manner  and  differ- 
entiated into  what  appears  to  be  a  somewhat  irregular  portion  of 
the  anterior  end  of  the  brain,  with  a  small  eye  showing  invagina- 
tion and  differentiation  of  the  various  layers  of  the  retina.  A 
nerve  is  given  off  from  the  caudal  part  of  it.     (figs.  3  and  4) . 

These  two  experiments  alone  are  sufficient  to  indicate  very 
clearly  that  the  early  neural  plate  of  Rana  palustris  not  only 
possesses  great  power  of  self-differentiation  but  that  already  there 


Fig.  1. — Outline  neural  plate  Rana,  pieces  1  and  3  transplanted. 

Fig.  2.— Section  showing  transplanted  piece  3,  ten  days  after  transplanta- 
tion,  t,  transplanted  piece ;  o,  otic  capsule. 

Figs.  3  and  4. — Sections  through  transplanted  piece  1,  thirteen  days  after  trans- 
plantation. 

Fig.  5.— Outline  of  neural  plate  Amblystoma,  pieces  1, 2, 3, 4  and  5,  transplanted. 

is  a  localization  in  the  various  regions  of  cells  or  groups  of  cells 
that  are  destined  to  form  certain  parts  of  the  central  nervous 
system.  The  ordinary  histological  or  microscopic  examination 
of  the  neural  plate  does  not  reveal  these  differences  yet  the  ex- 
periments show  that  a  small  piece  from  the  region  of  the  neural 
plate  which  one  might  expect  from  its  location  would  form  part 
of  the  medulla  will  do  so  whether  it  remains  in  the  normal  posi- 
tion or  not. 
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Not  only  do  these  pieces  diflferentiate  into  certain  specific  parts 
of  the  neural  tube  but  they  regenerate  some  of  the  surrounding 
parts  such  as  the  roof  of  the  ventricle  and  in  some  cases  the 
opposite  side.  In  the  case  of  piece  3,  fig.  1,  which  developed  into 
the  bilateal  medulla-like  structure  (fig.  3)  the  piece  was  unilat- 
eral and  did  not  extend  to  the  edge  of  the  neural  plate  so  it  must 


Fig.  6. — Section  through  transplanted  piece  1,  twenty-two  days  after  transplan- 
tation. 

Fig.  7. — Section  through  transplanted  piece  2,  twenty-five  days  after  trans- 
plantation. 

Fig.  8. — Section  through  transplanted  piece  3,  fifteen  days  after  transplantation. 

Fig.  9. — Section  through  transplanted  piece  4,  fifteen  days  after  transplanta- 
tion. 

Fig.  10. — Section  through  transplanted  piece  5,  twenty-five  days  after  trans- 
plantation. 

Fig.  11. — Neural  plate  Rana  palustris  showing  area  cut  away.  Total  regenera- 
tion followed. 

have  regenerated  from  itself  the  opposite  half  and  the  roof  of  the 
ventricle  as  well  as  some  tissue  on  the  same  side.  It  has  thus 
developed  into  a  much  more  extensive  piece  than  it  would  have, 
had  it  remained  in  the  normal  position.  This  would  indicate 
that  neighboring  parts  of  the  developing  neural  plate  have  under 
normal  conditions  a  repressive  influence  on  each  other. 
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These  transplanted  pieces  of  the  neural  plate  always  close  over 
to  form  a  neural  canal,  the  shape  of  the  canal  or  ventricle  varying 
with  the  region  from  which  the  piece  is  taken.  The  power  of 
forming  a  neural  canal  then,  resides  within  the  neural  plate  itself 
or  any  portion  of  it  and  is  not  necessarily  boimd  up  with  mechani- 
cal influences  from  other  parts  of  the  embryo.  In  like  manner  the 
longitudinal  foldings  of  the  brain,  its  flexures  or  bends,  are  prob- 
ably due  to  intrinsic  factors  within  the  brain  itself.  The  trans- 
planted piece  1,  shows  indications  of  this  process. 

EXPERIMENTS  ON  THE  NEURAL  PLATE  OF  AMBLYSTOMA 

PUNCTATUM 

The  results  obtained  from  many  experiments  on  Amblystoma 
are  similar  to  those  from  Rana  pahtstris.  As  in  the  experiments 
on  Rana  palustris  small  pieces  of  the  neural  plate  were  cut  out 
and  transplanted  into  the  otic  region  of  somewhat  older  embryos. 
About  one  hundred  and  fifty  such  pieces  were  transplanted  from 
the  neural  plates  of  twenty-seven  different  embryos.  Two  to 
eight  pieces  from  each  plate. 

Pieces  were  taken  from  practically  every  region  of  the  neural 
plate,  and  were  allowed  to  develop  in  the  transplanted  position 
from  ten  to  twenty-five  days.  At  the  time  of  transplantation 
there  is  no  indication,  other  than  general  topographical  position, 
of  the  different  regions  of  the  central  nervous  system.  The 
histological  picture  of  the  arrangement  and  of  the  character  of 
the  cells  is  practically  the  same  throughout  the  neural  plate  and 
only  in  later  stages  does  the  arrangement  become  characteristic 
for  each  portion  of  the  central  nervous  system. 

Fig.  5,  for  example,  shows  the  position  of  five  pieces  which 
were  cut  out  of  the  neural  plate  and  transplanted  into  the  otic 
region  of  an  older  embryo  of  Amblystoma.  Figs.  6,  7,  8,  9  and 
10,  are  from  sections  through  these  pieces — 1,  2,  3,  4  and  5  re- 
spectively, which  were  allowed  to  develop  for  a  number  of  days 
after  the  transplantation.  Each  piece  has  developed  into  a  more 
or  less  characteristic  form,  corresponding  somewhat  to  sections 
through  the  normal  brain,  medulla  and  upper  part  of  the  spinal 
cord.    After  the  study  of  a  number  of  such  pieces  and  comparison 
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of  them  with  sections  through  the  normal  central  nervous  system 
it  was  possible,  without  knowing  beforehand  from  which  region 
of  the  neural  plate  the  piece  was  taken,  to  tell  quite  accurately 
its  original  location. 

In  normal  embryos  killed  twelve  days  or  more  after  the  neiu-al 
plate  stage,  transverse  sections  through  the  various  regions  of  the 
brain  and  cord  are  very  characteristic  for  each  region,  not  only 
in  the  general  outline  and  shape  of  the  outer  surface  and  ventricle 
but  in  the  arrangement  of  the  nuclear  and  reticular  zones  as  well. 

The  transplanted  pieces  always  close  in  to  form  the  neural 
canal  or  ventricle.  The  form  of  the  external  surface  of  the  canal 
(ventricle),  and  of  the  walls  varying  according  to  the  region  from 
which  the  piece  was  taken.  Each  piece  seems  to  develop  into 
that  portion  of  the  central  nervous  system  into  which  it  would 
have  developed  had  it  remained  in  the  normal  position.  Not 
only  does  this  take  place  but  there  is  to  a  certain  extent  regenera- 
tion of  the  opposite  side. 

In  the  region  of  the  medulla  and  spinal  cord  this  regeneration 
sometimes  results  in  a  bilateral  structure  developing  from  a  uni- 
lateral piece.  All  the  transplanted  pieces  were  unilateral  at  the 
time  of  transplantation. 

Since  each  piece  develops  into  a  tube-like  structure  no  matter 
what  its  orientation  may  be  in  its  strange  environment,  the  indi- 
cation is  very  clear  that  this  process  is  dependent  only  on  changes 
which  go  on  within  the  piece  itself.  We  can  correctly  infer  from 
this  that  the  rolling  in  of  the  entire  neural  plate,  to  form  the  tub- 
ular central  nervous  system,  is  dependent  only  on  changes  which 
take  place  within  the  neural  plate  itself  and  is  thus  quite  inde- 
pendent of  influences  from  the  rest  of  the  embryo. 

Again,  since  each  piece  appears  to  develop  into  that  portion 
of  the  central  nervous  system  into  which  it  would  have  developed 
had  it  remained  in  its  normal  position,  we  must  conclude  that  at 
this  stage  every  part  of  the  neural  plate  possesses  the  power  of 
self-diflferentiation  and  is  not  dependent  either  upon  influences 
of  other  portions  of  the  embryo  or  of  neighboring  parts  of  the 
medullary  plate  itself  for  its  differentiation.  The  neighboring 
regions,  however,  do  influence  each  other  in  a  way  in  regulating 
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the  development  by  preventing  such  regions  from  that  additional 
growth  which  they  show  after  transplantation,  such  as  regenera- 
tion of  a  portion  of  the  opposite  side  or  the  formation  of  a  roof 
to  the  ventricle,  etc. 

REGENERATION 

The  preceding  experiments  have  shown  that  even  a  small  piece 
of  the  neiu-al  plate  possesses  great  regenerative  power  when  cut 
out  and  transplanted  into  a  strange  environment.  Likewise  the 
neural  plate  itself  has  the  power  of  regenerating  small  areas  that 
have  been  removed. 

One  of  my  pupils,  Mr.  Dirge,  removed  a  considerable  portion 
of  the  floor  at  the  anterior  end  of  the  neural  plate  on  one  side  of 
the  median  line  in  Rana  palitstris.  We  were  not  aware  at  the 
time,  of  the  power  of  regeneration  and  had  hoped  to  remove  per- 
manently that  portion  of  the  brain  which  gave  rise  to  some  of  the 
cranial  nerves  supplying  the  eye  muscles  of  one  side  of  the  head. 
It  was  found  however  that  even  after  as  large  a  piece  as  is  rep- 
resented by  the  shaded  area  in  figure  11  was  removed  regenera- 
tion is  practically  complete  and  so  far  as  one  can  judge  from 
serial  sections  the  brain  after  two  or  three  weeks  is  perfectly  nor- 
mal, bilateral  and  all  the  cranial  nerves  are  present.  This  was 
repeated  on  a  number  of  embryos  of  this  stage  with  the  same 
result.  In  some  embryos  however,  when  considerable  degeneration 
and  disintegration  of  the  tissue  about  the  wound  followed  the 
operation,  there  was  often  imperfect  regeneration  on  this  side 
of  the  brain.  There  is  evidently  then  a  limit  to  the  power  of 
regeneration  of  lost  parts  of  the  brain  at  this  stage  but  within 
certain  limits  regeneration  is  complete. 

In  a  number  of  my  experiments  on  the  transplantation  of  the 
optic  vesicle  a  portion  of  the  adjoining  brain  wall  was  transplanted 
with  the  optic  vesicle.  In  the  majority  of  these  experiments 
the  piece  transplanted  was  not  very  large  and  regeneration  of  the 
lost  part  was  complete.  In  a  few,  however,  where  larger  pieces 
were  transplanted  with  the  optic  vesicle  the  brain  in  the  region 
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from  which  the  piece  was  taken  did  not  succeed  in  regenerating 
the  lost  part  entirely  and  shows  defect  on  that  side.  In  all  em- 
bryos, however,  the  ventricle  becomes  closed,  the  thickness  of 
the  defective  wall  varying  more  or  less  with  the  size  of  the  piece 
removed. 


Accepted  by  the  Wistar  Institute  of  Anatomy  and  Biology  March  20,  1910. 
Printed  June  6,  1910. 
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THE  STAINING  OF  FATS  IN  EPITHELIUM  AND 
MUSCLE  FIBERS^ 

E.  T.  BELL 

From  the  Anatomical  Laboratory*  University  of  Missouri 

If  a  section  of  kidney  be  examined  fresh  in  aqueous  humor  the 
cells  of  the  convoluted  tubules  will  usually  be  seen  to  contain  a 
large  number  of  small,  more  or  less  refractive  droplets.  If  the 
section  be  cleared  a  few  minutes  in  dilute  potassium  hydroxide 
the  droplets  become  much  more  sharply  defined  and  a  great 
many  more  may  be  distinguished.  The  same  procedure  will 
show  a  large  number  of  droplets  in  the  Uver,  striated  muscle, 
and  other  tissues.  The  droplets  in  the  muscle  fibers  are  the  inter- 
stitial granules  described  by  KoUiker,  Knoll,  Schaflfer,  and  others; 
those  in  the  Uver,  kidney,  etc.  are  not  so  well-known.  Albrecht 
has  called  the  droplets  demonstrable  in  this  way  liposomes 
(Liposomen).'  Because  of  the  convenience  of  this  term  it  seems 
advisable  to  adopt  it,  although  these  droplets  do  not  always 
consist  entirely  of  lipoids.  Some  of  the  droplets  are  strongly 
refractive;  others  are  only  faintly  refractive,  but  there  are  all 
gradations  between  these  two  types.  The  strongly-refractive 
droplets  are  in  most  cases  the  ordinary  fat  droplets;  the  others 
consist  in  part  at  least  of  lipoid  substances. 

'  Presented  at  the  25th  Session  of  the  Amer.  Ass.  Anat.,  Boston,  December,  1909. 

'  The  Department  of  Anatomy  is  cooperating  with  the  Missouri  Agricultural 
Experiment  Station  in  the  study  of  the  process  of  fattening.  The  present  paper  is 
one  of  a  series  published  in  connection  with  this  work. 

'  The  term  "liposome"  will  be  used  in  this  paper  to  mean  those  refractive  drop- 
lets, visible  in  fresh  tissue  after  the  above  mentioned  treatment,  which  may  be 
stained  with  Herxheimer's  scarlet  red.  After  a  brief  exposure  in  absolute  alcohol 
the  liposomes  can  no  longer  be  shown  by  a  fat  stain. 
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It  is  the  purpose  of  this  communication  to  show  that  the  lipo- 
somes may  be  readily  stained,  in  fresh  tissues  with  Herxheimer's 
scarlet  red,  and  to  call  attention  to  some  differences  among  them 
in  staining  properties  and  susceptibility  to  fixing  reagents.  Osmic 
acid  and  the  simple  alcoholic  solutions  of  scarlet  red  and  sudan  will 
stain  many  of  the  liposomes,  sometimes  all  of  them;  but  in  many 
tissues  crowded  with  these  structures,  the  stains  just  mentioned 
give  negative  results,  when  the  alkaline-alcohoUc  scarlet  red 
(Herxheimer's  stain)  gives  decidedly  positive  results.  By  the 
use  of  Herxheimer's  stain  on  fresh  tissues  it  is  easy  to  study  the 
nature  and  distribution  of  the  liposomes  and  their  variations 
under  different  nutritive  conditions.  These  results  were  men- 
tioned briefly  in  the  Appendix  of  a  previous  paper  (6,  p.  435). 
At  that  time  I  had  very  unsatisfactory  results  with  Herx- 
heimer's  stain,  and  thought  that  the  alkaUne-alcoholic  solutions 
of  scarlet  red  prepared  by  Bullard  were  much  better;  but  I 
have  learned  since  that  Herxheimer's  stain,  when  used  properly, 
is  usually  as  good. 

The  technique  used  for  the  demonstration  of  ordinary  fats 
seldom  stains  all  the  Uposomes  in  a  tissue.  To  demonstrate  the 
ordinary  fats,  it  is  usually  recommended  that  the  tissue  be  fixed 
first  in  formalin.  Frozen  sections  are  then  to  be  cut  and  stained 
with  osmic  acid,  sudan,  or  scarlet  red.  A  fat  stain  extensively 
used  at  present  is  a  saturated  solution  of  scarlet  red  prepared  by 
dissolving  the  dye  in  boiling  70  to  85  per  cent  alcohol  (Fischer's 
method).  In  order  to  stain  all  the  fatty  droplets,  two  essential 
changes  must  be  made  in  the  above-mentioned  technique.  (1) 
The  tissues  must  be  stained  fresh.  No  fixatives  are  to  be  used. 
(2)  The  alkahne-alcoholic  scarlet  red  (Herxheimer's  stain)  must 
be  used. 

The  tissues  examined  have  been  mainly  those  of  the  calf, 
cat,  dog,  rat  and  frog.  Some  of  the  voluntary  muscles  were 
examined  in  all  cases.  Usually  the  kidneys  and  heart  and  some- 
times the  liver  were  studied.  Frozen  sections  of  the  fresh  tissues 
were  examined  as  follows:  (a)  unstained  in  aqueous  humor, 
normal  salt,  1  per  cent  acetic  acid,  1  to  5  per  cent  potassium 
hydroxide;  (6)  after  staining  in  1  per  cent  osmic  acid;  (c)  after 
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staining  with  simple  alcoholic  solutions  of  scarlet  red,  i.e.,  satur- 
ated solutions  prepared  by  dissolving  the  dye  in  boiling  70  to 
85  per  cent  alcohol;  (d)  after  staining  with  alkaline-alcoholic  solu- 
tions of  scarlet  red  (Herxheimer's  stain).  Some  of  the  sections 
were  usually  preserved  in  55  to  70  per  cent  alcohol,  10  per  cent 
formalin,  potassium  bichromate,  etc.  before  staining,  to  determine 
the  effect  of  the  fixatives. 

Examination  of  fresh  material.  If  frozen  sections  of  fresh 
striated  muscle  be  examined  in  normal  salt  solution  the  intersti- 
tial granules  are  readily  seen  arranged  in  longitudinal  rows 
between  the  fibrils.  Rather  more  granules  may  be  seen  if  the 
muscle  be  teased  fresh  in  aqueous  humor.  Still  more  of  the  finer 
granules  are  visible  if  the  tissue  be  cleared  in  dilute  potassium 
hydroxide.  The  granules  vary  greatly  in  size.  As  a  rule  the  larger 
ones  are  sharply  refractive  and  the  smaller  ones  weakly-refrac- 
tive, but  often  this  distinction  does  not  hold.  Droplets  of  ordi- 
nary neutral  fat  may  be  distinguished  by  their  being  more  refrac- 
tive than  any  others.  1  per  cent  acetic  acid  apparently  does  not 
dissolve  the  granules  but  it  often  causes  the  weakly-refractive 
ones  to  become  indistinguishable  from  the  sarcoplasm  in  which 
they  lie;  the  more  refractive  granules  are  not  affected.  These 
interstitial  granules  are  Albrecht's  liposomes.  The  first  accurate 
description  of  them  was  given  by  Kolliker  (18). 

Two  types  of  muscle  fibers  may  usually  be  distinguished — the 
so-called  dark  and  light  fibers.  The  dark  fibers  are  crowded  with 
liposomes;  the  light  fibers  usually  contain  only  a  few.  A  dark 
fiber  may  contain  a  comparatively  few  coarse  droplets  or  a  large 
number  of  small  ones;  the  light  fibers  may  contain  a  large  num- 
ber of  small,  very  faintly  refractive  droplets.  All  possible  inter- 
mediate forms  between  typical  dark  and  light  fibers  may  be  seen 
in  some  muscles.  The  proportion  of  dark  fibers  to  light  fibers 
varies  in  different  species  and  in  the  different  muscles  of  the  indi- 
vidual. It  also  depends  to  some  extent  upon  the  age  and  nutri- 
tive condition  of  the  animal.  Often  two  types  of  fibers  can  hardly 
be  distinguished.  The  distribution  of  the  dark  and  light  fibers  has 
been  described  by  Griitzner  (11),  Knoll  (17),  Schaffer  (19),  and 
others  for  a  large  number  of  animals.    It  is  clear  from  the  work  of 
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these  observers  that  the  darkness  or  cloudiness  of  the  fibers  is  due 
in  part  at  least  to  the  presence  of  the  interstitial  granules,  but  this 
is  not  the  only  factor  involved,  since  the  dark  fibers  still  appear 
decidedly  darker  than  the  light  ones  even  after  the  interstitial 
granules  have  been  dissolved  out  or  rendered  invisible.  The 
above-mentioned  investigators  did  not  recognize  the  fatty  nature 
of  the  interstitial  granules  except  in  those  cases  where  they  may 
be  stained  with  osmic  acid,  sudan  and  scarlet  red  not  being  known 
at  that  time.  As  far  as  I  have  observed  the  granules  are  all  iso- 
tropic, but  I  have  not  studied  this  point  extensively. 

In  the  kidney,  as  in  the  muscles,  some  of  the  liposomes  are 
visible  in  aqueous  humor  and  normal  salt  solution.  Dilute  potas- 
simn  hydroxide  shows  them  most  clearly.  After  treatment  with 
1  per  cent  acetic  acid  the  faintly-refractive  liposomes  are  no  longer 
visible,  but  the  strongly-refractive  ones  are  unaffected.  The 
strongly-refractive  Uposomes,  as  in  muscle,  are  apparently  the 
ordinary  fat  droplets  and  may  be  demonstrated  by  the  ordinary 
technique,  i.e.,  by  fixation  in  formalin  and  staining  in  osmic 
acid  or  simple  alcoholic  scarlet  red.  The  Uposomes  occur  mainly 
in  the  secretory  portions  of  the  renal  tubules;  they  are  not  so 
numerous  in  the  clear  protoplasm  of  the  collecting  tubules.  In  some 
tubules  in  the  section  no  liposomes  at  all  can  be  demonstrated. 
The  amoimt  of  ordinary  fat  in  the  kidney  varies  greatly.  Of  the 
animals  examined,  the  cat  shows  the  greatest  amount  of  fat 
in  this  organ;  the  ox,  the  least.  Both  the  less  refractive  liposomes 
and  the  more  refractive  (ordinary  fat  droplets)  may  be  found  in  a 
cross  section  of  the  same  renal  tubule,  though  usually  only  one 
kind  is  present. 

The  liver  often  contains  a  large  number  of  strongly-refractive 
liposomes  (ordinary  fat  droplets)  which  replace  or  obsciu'e  the 
less  refractive  liposomes.  Livers  in  which  there  is  little  or  no 
ordinary  fat  are  best  adapted  for  the  study  of  the  less  refractive 
droplets. 

Staining  vxiih  osmic  acid.  Altmann  (4)  has  shown  that  osmic 
acid  is  reduced  by  oleic  acid  and  triolein,  but  not  by  tripalmatin, 
tristearin,  or  their  acids.  This  has  been  very  generally  accepted; 
but  Starke  (20)  and  a  few  others  maintain  that  osmic  acid  will 
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blacken  all  the  fat  if  the  sections  be  kept  in  alcohol  for  some  time 
after  the  osmic  treatment.  Starke  found  that  out  of  150  frogs 
(Rana  esculenta)  there  were  only  two  in  which  the  fat  in  the 
liver  was  blackened  directly  by  osmic  acid;  in  all  the  others  it 
became  black  only  after  the  osmic-alcohol  treatment.  These 
results  together  with  some  tests  with  supposedly  pure  fats  led  him 
to  the  conclusion  that  palmatin  and  stearin  are  blackened  by  the 
osmic-alcohol  method.  He  beUeves  that  oleic  fats  are  blackened 
directly  by  osmic  acid  and  that  palmatin  and  stearin  are  colored 
yellowish  or  brown  but  become  black  if  kept  in  alcohol  for  some 
time  after  the  alcohol  treatment. 

Handwerck  (12)  agrees  with  Starke  that  the  osmic-alcohol 
reduction  takes  place  in  the  tissues  but  does  not  accept  his  ex- 
planation. According  to  Handwerck  pure  palmatin  and  stearin 
do  not  give  the  secondary  reduction  in  alcohol;  but  if  a  sUght 
trace  of  olein  be  added  some  blackening  may  be  obtained.  Osmic 
acid  is  a  very  delicate  reagent  for  oleic  fats. 

Heidenhain  (13),  rejects  the  osmic-alcohol  treatment  on  the 
ground  that  it  blackens  some  structures  that  are  not  fat  and 
fails  to  blacken  some  that  undoubtedly  are. 

The  extent  to  which  osmic  acid  stains  the  Uposomes  depends 
probably  upon  their  chemical  composition.  Sometimes  (muscles 
of  one  adult  rat,  and  one  adult  dog)  it  blackened  every  droplet 
that  could  be  shown  by  any  other  method;  in  other  instances 
however  (muscles  of  two  calves,  one  adult  dog,  five  sucldng  pups; 
parts  of  the  kidney  in  most  animals,  etc.)  it  gave  no  color  at  all 
to  any  of  the  Uposomes,  though  they  were  easily  stained  in  these 
cases  with  Herxheimer's  solution.  Sometimes  (muscles  of  rat, 
kidney  of  cat,  etc.)  the  simple  osmic  treatment  may  give  the  Upo- 
somes a  brown  color  which  changes  to  black  if  the  sections  be 
washed  in  water  and  kept  24  hours  in  80  per  cent  alcohol  (Starke's 
method).  But  the  secondary  treatment  in  80  per  cent  alcohol 
may  remove  the  color  completely  in  a  short  time.  This  was  found 
to  be  the  case  in  the  muscles  of  an  emaciated  cat,  two  sucking 
pups,  and  several  rats.  80  per  cent  alcohol  dissolves  a  great  many 
of  the  less  refractive  Uposomes  after  an  exposure  of  a  few  hours. 
Even  60  per  cent  alcohol  may  produce  the  same  result.    In  two 
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instances  (one  pup  and  one  rat)  the  liposomes  of  the  muscles  were 
nearly  all  colored  brown  by  osmic  acid.  The  sections  were  then 
washed  with  water  and  put  in  60  per  cent  alcohol.  The  droplets 
were  nearly  all  decolorized  after  an  exposure  of  thirty  minutes 
in  this  solution.  On  the  whole  osmic  acid  is  a  useful  reagent 
for  the  study  of  the  liposomes.  It  often  gives  a  brown  color  to 
droplets  not  stained  at  all  by  the  simple  alcoholic  solutions  of 
scarlet  red  and  sudan. 

In  some  instances  (muscles,  kidney,  and  liver  of  some  rats) 
excellent  results  were  obtained  by  fixation  in  Altman's  fluid. 
The  sections  were  washed  24  hours,  dehydrated  rapidly,  cleared 
in  cedar  oil,  and  embedded  in  paraflSn.  Thin  sections  were  cut 
and  examined  in  cedar  oil.  This  method  has  the  advantage  that 
thin  sections  may  be  had  and  the  nuclei  and  boundaries  of  the 
cells  may  be  seen  much  better  than  in  frozen  sections;  but,  as 
pointed  out  above,  many  liposomes  cannot  be  stained  at  all  with 
osmic  acid  especially  those  that  are  very  faintly  refractive. 

As  to  the  chemical  composition  of  the  droplets  that  may  be 
shown  with  osmic  acid,  it  is  known  that  the  unsaturated  neutral 
fats  are  stained  black;  but  the  large  number  of  liposomes  which 
stain  brown  or  grey  cannot  be  identified  with  certainty. 

Simple  alcoholic  solutions  of  scarlet  red.  Daddi  reconamended 
a  saturated  solution  of  sudan  in  96  per  cent  alcohol,  but  alcohol 
of  this  strength  was  found  to  dissolve  some  of  the  fat,  so  that 
solutions  in  the  weaker  alcohols  soon  came  to  be  preferred.  The 
stains  in  use  for  a  long  time  were  saturated  solutions  of  sudan  or 
scarlet  red  prepared  by  dissolving  the  dye  in  cold  70  to  85  per 
cent  alcohol.    These  stains  are  very  weak. 

A  decided  improvement  was  made  by  Fischer  (10)  who  suggested 
dissolving  the  dye  in  boiling  alcohol.  This  solution  is  consider- 
ably stronger  than  those  made  with  cold  alcohol  and  it  seem>s  to 
be  extensively  used  at  the  present  time.  Traina  (21)  prepared  a 
saturated  solution  of  scarlet  red  in  70  per  cent  alcohol  and  kept 
it  with  excess  of  the  dye  in  an  oven  at  40°  C  for  two  weeks  before 
using.  This  seems  to  be  of  about  the  same  strength  as  Fiscner's 
solution.  Scarlet  red  is  usually  to  be  preferred  to  sudan  because 
of  the  brighter  color  it  gives  to  fat  droplets  after  relatively  short 
exposure. 
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For  staining  ordinary  fat  droplets  Fischer's  and  Traina's  stains 
are  usually  satisfactory,  but  they  seldom  stain  any  of  the  faintly- 
refractive  liposomes.  In. the  muscles  of  some  of  the  cats  and  dogs 
examined,  they  stained  all  the  liposomes;  but  in  a  great  many 
instances  they  stained  only  a  very  few  of  the  liposomes  or  none 
of  them  at  all.  The  muscle  fibers  of  five  sucking  pups,  two  young 
calves,  and  several  of  the  rats  were  full  of  coarse  droplets  that 
stained  readily  with  Herxheimer's  stain  but  were  not  colored  at 
all  by  the  simple  alcoholic  stains.  Some  liposomes  which  are 
browned  by  osmic  acid  are  not  colored  at  all  by  these  stains,  and 
on  the  other  hand  the  simple  alcoholic  stains  are  said  in  some 
cases  to  stain  liposomes  that  osmic  acid  does  not  affect. 

The  simple  alcoholic  solutions  of  scarlet  red  and  sudan  are  also 
very  variable  in  their  actions.  Considerably  more  fat  is  often 
shown  if  the  staining  dish  is  not  too  tightly  closed.  If  a  very 
small  amount  of  evaporation  is  allowed  the  stain  is  somewhat 
more  effective.  Care  was  taken  to  exclude  precipitates  in  these 
cases  by  comparison  with  sections  stained  by  other  methods  and 
with  unstained  sections  in  normal  salt  and  dilute  potassium 
hydroxide. 

Alkaline-alcoholic  scarlet  red  {Herxheimer^s  stain).  This  solu- 
tion may  be  prepared  by  dissolving  two  grams  of  sodium  hydrox- 
ide in  100  cc.  of  70  per  cent  alcohol.  Scarlet  red  is  then  to  be 
added  to  saturation.  The  solution  should  not  be  heated.  Alka- 
line-alcohol dissolves  considerably  more  of  the  dye  than  does 
ordinary  alcohol.  This  solution  is  therefore  much  stronger,  and 
it  is  more  effective  than  any  other  fat  stain.  Herxheimer  (15) 
claimed  for  his  solution  that  it  would  stain  more  intensely  than 
simple  alcohoHc  scarlet  red,  but  he  does  not  state  definitely  that 
it  will  stain  any  droplets  not  stained  by  the  latter.  He  however 
quotes  Erdheim  (9)  as  having  found  droplets  in  the  thyroid 
which  could  be  stained  by  the  alkaline  but  not  by  the  simple 
alcoholic  solution.  This  statement  of  Erdheim's  is  the  only  one 
known  to  me  in  the  literature  in  which  it  is  claimed  that  Herx- 
heimer's  solution  will  stain  droplets  not  shown  by  any  other  fat 
stain. 

H.  H.  Bullard  in  some  work  done  in  the  Anatomical  Laboratory 
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at  the  University  of  Missouri,  first  showed  clearly  the  great  supe- 
riority of  the  alkaline  solutions.  His  results  have  not  yet  been 
published. 

One  of  the  strongest  objections  made  against  Herxheimer's 
stain  is  its  tendency  to  form  precipitates.  It  is  claimed  by  Fis- 
cher, Traina,  and  others  that  the  stain  is  inferior  to  the  simple 
alcoholic  solutions  on  this  account  mainly.  This  objection  is 
indeed  well-founded  in  some  instances.  Freshly-prepared  solu- 
tions (less  than  one  day  old)  are  of  ten  worthless  on  this  account; 
and  this  tendency  to  form  precipitates  may  persist  in  older  solu- 
tions. But  usually  solutions  a  few  days  old  give  no  trouble  at 
all  in  this  respect.  A  stain  should  not  be  used  if  it  forms  pre- 
cipitates. 

To  determine  whether  any  given  stain  forms  precipitates,  a 
section  may  be  put  in  a  hoUow-ground  slide  with  a  few  drops  of 
the  stain.  A  cover  glass  is  then  sealed  over  it  quickly  to  prevent 
evaporation.  One  may  then  watch  the  droplets  stain  under  the 
microscope.  A  precipitate  may  be  detected  in  this  way  as  soon 
as  it  begins  to  form.  The  character  of  the  precipitate  of  any  solu- 
tion may  be  studied  by  allowing  it  to  form  on  a  section  and  then 
examining  it  under  high  magnification.  The  small  dark  granules 
of  the  precipitate  may  often  be  readily  distinguished  from  the 
Ughter  colored  liposomes,  so  that  even  under  these  conditions 
there  is  no  confusion.  But  in  every  doubtful  case  the  stained 
section  should  be  compared  closely  with  fresh  sections  mounted 
in  normal  salt  solution  or  dilute  potassium  hydroxide. 

After  staining,  the  sections  should  be  washed  in  60  per  cent 
alcohol  about  thirty  seconds  ajid  then  transferred  at  once  to  dis- 
tilled water  to  wash  out  the  alcohol.  After  a  few  minutes  in  dis- 
tilled water  they  may  be  mounted  in  glycerin.  If  the  alcohol  is 
not  washed  out  the  sections  are  decolorized  in  a  short  time.  The 
staining  may  be  done  in  small  tightly-stoppered  vials. 

Herxheimer's  solution  stains  apparently  all  the  droplets  which 
may  be  demonstrated  with  dilute  potassium  hydroxide  in  a  fresh 
tissue.  It  stains  with  varying  degrees  of  intensity.  The  strongly- 
refractive  droplets  stain  an  intense  red,  the  faintly-refractive 
droplets,  a  faint  red;  but  there  are  all  gradations  between  these 
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two  types.  Sometimes  fine  faintly-tinged  droplets  can  be  shown 
which  are  not  visible  in  the  potassium  hydroxide  preparations. 
The  differences  in  intensity  of  staining  among  the  Uposomes  may 
be  due  to  the  kind  or  the  amount  of  the  lipoid  substances  present, 
or  both  these  factors  may  be  involved. 

Staining  with  neutral  red.  Albrecht  (1)  states  that  if  tissues 
be  kept  in  sterile  vessels  at  37°  C  for  twenty-four  hours,  the  Upo- 
somes will  then  stain  with  neutral  red  and  show  myelin  figures 
in  polarized  light.  Muscle  must  be  kept  in  normal  salt  solution 
under  otherwise  similar  conditions  to  give  the  same  result.  He 
holds  that  if  muscle  be  treated  as  above  described  it  will  show 
longitudinal  rows  of  droplets  between  the  fibrils,  which  stain  with 
neutral  red  and  show  myelin  figures.  These  droplets  are  supposed 
to  be  identical  with  those  seen  in  fresh  tissues. 

Albrecht  (3)  states  also  that  if  fresh  muscle  be  mounted  in  5  per 
cent  potassium  hydroxide  the  Uposomes  are  shown  very  clearly, 
and  if  the  tissue  be  kept  in  this  solution  a  few  hours  they  show 
myeUn  figures.  Albrecht  calls  those  droplets  which  show  myelin 
figures  only  after  being  kept  several  hours  at  body  temperature, 
postmortem  myelin,  to  distinguish  them  from  those  which  show 
myelin  figures  in  the  Uving  tissue  (intravital  myelin). 

In  several  rats,  free-hand  sections  of  the  kidney  were  cut 
immediately  after  death  and  stained  in  a  1:10,000  neutral  red 
solution  at  37°  C  for  about  one  hour.  The  convoluted  tubules 
were  shown  full  of  coarse  deeply-stained  droplets.  The  size  and 
arrangement  of  these  droplets  show  that  they  cannot  to  any  con- 
siderable extent  correspond  to  the  Uposomes.  In  one  rat  kidney  a 
number  of  tubules,  which  did  not  show  any  Uposomes  at  all,  were 
shown  fuU  of  coarse  droplets  by  neutral  red.  I  have  not  succeeded 
in  staining  any  granules  in  muscle  with  neutral  red. 

Several  times  I  have  repeated  Albrecht's  experiment  of  keep- 
ing the  kidney  (in  this  case  that  of  a  rat)  in  a  sterile  vessel  at 
37°  C  for  twenty-four  hours  after  removal  from  the  body.  A  large 
number  of  droplets  showing  myeUn  figures  are  to  be  seen,  but  they 
do  not  seem  to  me  to  correspond  at  all  to  the  Uposomes  seen  in  the 
fresh  tissue.  The  numerous  small  Uposomes  seen  in  the  fresh 
tissue  have  all  disappeared. 
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Effect  of  fixation.  To  test  the  effect  of  fixatives  frozen  sections 
were  cut  and  put  directly  into  them.  The  effect  may  be  more 
rapid  by  this  method  than  that  obtained  by  the  fixation  of  a 
block  of  tissue. 

Ten  per  cent  formalin.  A  considerable  part  of  the  droplets  in 
the  muscle  fibers  of  many  adult  cats  and  dogs  are  unaffected 
by  an  exposure  of  several  months  or  more  in  this  solution.  The 
same  is  true  for  a  great  many  droplets  in  the  liver,  kidney,  and 
other  organs.  The  droplets  unaffected  by  this  solution  are  usu- 
ally strongly  refractive  and  may  usually  be  demonstrated  by  the 
ordinary  fat  stains.  They  are  presumably  droplets  of  ordinary 
neutral  fat. 

In  other  cases  there  is  a  gradual  loss  of  the  fat  when  the  tissue 
is  preserved  in  this  solution.  The  gastrocnemius  of  a  kitten, 
which  contained  a  large  amount  of  fat  when  examined  fresh, 
gradually  lost  fat  until  at  the  end  of  a  week  only  a  few  coarse 
droplets  could  be  demonstrated. 

The  gastrocnemii  of  six  sucking  pups  were  also  examined. 
When  stained  fresh  in  Herxheimer's  stain,  nearly  every  fiber 
showed  several  coarse  droplets  in  a  cross  section.  In  four  of  the 
pups  the  droplets  stained  brown  in  osmic  acid,  but  the  color  dis- 
appeared after  a  short  time  in  alcohol  or  glycerin;  80  per  cent 
scarlet  red  stained  only  a  few  droplets.  In  these  four  pups  a 
great  many  droplets  in  the  muscle  fibers  were  lost  after  an  expos- 
ure of  only  thirty  minutes  in  formalin,  and  after  twenty-four  hours 
in  this  solution  only  a  few  droplets  could  be  stained.  In  the  other 
two  pups  the  droplets  stained  readily  with  all  the  fat  stains  and 
were  not  affected  by  an  exposure  of  ten  days  or  longer  in  formalin. 

The  muscle  fibers  of  two  adult  dogs,  two  young  calves,  and  a 
number  of  rats  were  found  to  contain  a  large  number  of  liposomes 
which  were  gradually  rendered  unstainable  in  formalin.  Most  of 
the  droplets  were  lost  to  the  stain  after  one  to  five  days  in  the 
fixative.  The  liposomes  of  the  muscles  of  an  emaciated  cat  were 
affected  in  the  same  way. 

The  faintly-refractive  liposomes  of  the  kidney  are  nearly  all 
lost  after  one  day  or  less  in  formalin.  The  droplets  that  stain 
black  with  osmic  acid  and  deep  red  with  simple  alcoholic  scarlet 
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red  are  not  much  affected  by  any  of  the  fixatives,  but  a  few  hours 
in  formalin  is  usually  sufficient  to  render  the  weakly-refractive 
droplets  unstainable. 

55  to  70  per  cent  alcohol  acts  upon  the  liposomes  in  about  the 
same  way  and  somewhat  more  rapidly  than  formalin.  Eighty 
per  cent  alcohol  dissolves  the  faintly-refractive  liposomes  very 
rapidly. 

Potassium  bichromate  is  decidedlj'^  less  rapid  in  its  action  than 
either  alcohol  or  formalin  but  ultimately  produces  about  the  same 
result.  Ciaccio  (7,  8)  preserves  tissues  in  a  formalin-bichromate 
acetic  mixture  which  he  believes  fixes  the  lecithin  so  that  it  is 
not  removed  by  the  ordinary  fat  solvents.  The  tissues  are  taken 
through  xylol  into  paraffin  so  that  the  ordinary  fat  droplets  are 
dissolved  out.  The  sections  are  stained  on  the  slide  with  simple 
alcoholic  sudan.  I  have  made  only  a  few  observations  with  this 
fixative.  A  few  of  the  coarse  liposomes  are  apparently  fixed  by 
this  fluid  and  may  be  colored  a  light  orange  with  simple  alcoholic 
Sudan  after  the  sections  have  passed  through  the  fat  solvents. 
But  I  believe  with  AschofT  (5)  that  it  is  not  proved  that  the  droplets 
in  question  are  really  lecithin. 

It  will  be  apparent  from  the  foregoing  remarks  that  when  a 
piece  of  muscle  or  kidney  is  fixed  in  formalin,  alcohol,  potassium 
bichromate,  etc.,  some  of  the  liposomes  are  usually  removed  or 
rendered  invisible.  The  number  of  liposomes  lost  varies  in  differ- 
ent individuals  as  well  as  in  different  species.  Pups  of  the  same 
litter  may  contain  entirely  different  fats.  The  effect  of  the  fixa- 
tive also  varies  with  the  age  and  nutritive  condition  of  the  animal 
and  the  length  of  time  it  acts  upon  the  tissue.  The  action  of  the 
fixative  in  one  tissue  may  be  unappreciable  for  weeks,  and  in 
another  nearly  all  the  liposomes  may  be  removed  in  a  few  minutes. 
The  action  of  all  the  fixatives  is  particularly  rapid  on  fine  droplets 
that  are  difficult  to  stain,  such  as  those  of  the  heart.  Probably 
the  varying  effect  of  the  fixative  is  due  to  the  varying  chemical 
composition  of  the  liposomes. 

Solubility.  The  liposomes  are  all  readily  soluble  in  absolute 
alcohol  and  ether.  Weaker  alcohols  dissolve  the  faintly-refractive 
liposomes  with  varying  degrees  of  rapidity.    The  statement  that 
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the  liposomes  are  dissolved  in  these  fluids  means  only  that  they 
can  no  longer  be  demonstrated  with  the  fat  stains.*  It  is  probable 
that  some  of  the  liposomes  are  only  in  part  composed  of  lipoids 
and  that  in  these  cases  only  the  fatty  portion  of  the  liposomes  has 
been  removed.  When  fixed  tissues  are  treated  with  5  per  cent 
potassium  hydroxide  no  more  liposomes  are  shown  than  can  be 
stained  with  Herxheimer's  solution.  To  determine  whether  the 
liposomes  have  been  removed  from  a  muscle  fiber,  longitudinal 
sections  should  be  examined,  since  the  masses  of  sarcoplasm  seen 
in  cross  section  between  the  fibrils  may  simulate  them  closely. 
Albrecht  believed  that  many  of  the  liposomes  contained  only 
an  external  lipoid  layer,  while  the  central  core  was  of  a  non-fatty 
character. 

Relation  of  the  liposomes  to  the  nutritive  condition  of  the  animal. 
Knoll,  (16)  in  the  heart  muscle  of  pigeons  starved  six  to  nine  days, 
found  that  the  droplets  visible  in  the  fresh  tissue  were  much  fewer 
and  that  by  far  the  majority  of  these  were  faintly  refractive. 
The  strongly-refractive  droplets  were  greatly  diminished  by 
starvation.  My  observations  corroborate  KnolFs.  Several  rats 
which  were  kept  on  low  rations  until  they  had  lost  over  twenty 
per  cent  of  their  body  weight  showed  the  muscle  fibers  free  from 
liposomes.  An  adult  cat  which  had  lost  about  the  same  per  cent 
of  its  body  weight  showed  only  faintly-refractive  liposomes 
in  the  muscle  fibers.  The  ordinary  fat  droplets  in  the  kidney 
were  not  removed  in  these  animals.  Apparently  the  ordinary 
fat  droplets  are  removed  from  the  muscle  fibers  in  the  earUer 
stages  of  hunger,  and  the  faintly-refractive  droplets  in  the  late 
stages.  My  observations  are,  however,  not  extensive  enough  yet 
to  justify  this  as  a  general  conclusion.  The  relation  of  the  lipo- 
somes to  the  nutritive  condition  is  a  promising  problem  for  future 
investigation. 

^  In  a  few  instances  some  of  the  interstitial  granules  of  the  muscle  fibers  were 
shown  by  5  per  cent  potossium  hydroxid  after  having  been  exposed  to  absolute 
alcohol  for  forty-eight  hours.  They  were  not  as  large  as  before  and  could  not 
be  stained  by  any  fat  stain.  It  is  therefore  evident  that  these  granules  con- 
sisted only  in  part  of  lipoids  and  that  the  lipoid  portion  was  dissolved  by  the 
alcohol. 
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SUMMARY. 

The  protoplasm  of  renal  cells,  muscle  fibers,  etc.,  shows  usually 
a  large  number  of  small  more  or  less  refractive  droplets  (lipo- 
somes) when  examined  in  aqueous  humor,  or  dilute  potassium 
hydroxide. 

These  liposomes  may  all  be  stained  with  Herxheimer's  scarlet 
red  if  fresh  tissues  are  used. 

All  the  liposomes  disappear  after  a  short  exposure  to  absolute 
alcohol;  and  the  weaker  alcohols  remove  the  faintly-refractive 
liposomes  more  or  less  rapidly. 

Preservation  of  the  tissues  in  formalin,  alcohol,  potassium 
bichromate,  etc.,  may  affect  a  large  per  cent  of  the  liposomes  so 
that  they  can  no  longer  be  stained.  The  effect  of  the  fixative 
may  be  very  pronounced  in  a  few  minutes,  or  it  may  require 
several  days  to  produce  noticeable  changes. 

The  evidence  cited  in  the  preceding  pages  seems  sufficient  to 
prove  that  the  liposomes  consist  wholly  or  in  part  of  Upoid  sub- 
stances. 

The  staining  of  the  lipoids  with  Herxheimer's  scarlet  red  is  a 
simple  and  accurate  method  for  the  further  study  of  their  char- 
acter and  distribution  and  their  relations  to  cell  metabolism. 
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THE  EFFECTS  OF  VARIOUS  FIXATIVES  ON  THE  BRAIN 
OF  THE  ALBINO  RAT,  WITH  AN  ACCOUNT  OF  A 
METHOD  OF  PREPARING  THIS  MATERIAL  FOR  A 
STUDY  OF  THE  CELLS  IN  THE  CORTEX 

HELEN  DEAN  KING 
Associate  in  Anatomy  at  the  Wistar  Institute 

WITH   FIFTEEN   FIGURES 

While  endeavoring  to  obtain  preparations  of  the  brain  of  the 
albino  rat  (Mus  norvegicus  var.  albus)  that  would  be  suitable 
for  a  study  of  the  cells  in  the  cerebral  cortex  I  have  had  occasion, 
this  past  year,  to  investigate  the  histological  changes  produced 
in  this  material  by  various  methods  of  fixation  and  of  imbedding: 
the  results  of  this  investigation  are  given  in  the  present  paper. 
There  are  but  few  observations  regarding  the  histological  action 
of  different  fixatives  on  brain  tissue,  and  none  of  the  recorded  in- 
vestigations dealing  with  the  effects  of  various  preservatives  on 
the  weight  and  volume  of  the  brains  of  mammals  have  been  ac- 
companied by  an  account  of  the  structural  changes  these  preserv- 
atives produce. 

According  to  the  observations  of  Donaldson  ('94),  of  Hrdlicka 
('06),  and  of  Fish  ('93),  the  age  and  physical  condition  of  an  animal, 
the  length  of  time  it  has  been  dead  before  the  brain  is  put  into  the 
fixing  fluid,  the  amount  of  fluid  used  and  the  temperature  at  which 
it  acts,  are  all  factors  which  tend  to  produce  variations  in  the  weight 
and  volume  of  the  brain.  In  all  of  the  experiments  on  the  brain 
of  the  albino  rat  which  are  recorded  in  the  present  paper  an  effort 
was  made  to  eliminate  as  many  as  possible  of  the  factors  which 
might  be  supposed  to  influence  the  results.  The  animal  selected 
for  each  experiment  was  one  that  was  presumably  in  a  healthy 
condition.     It  was  killed  either  by  ether  or  by  illuminating  gas 
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and  then  weighed  and  measured.  The  bram  was  taken  out  as 
soon  as  possible  after  the  death  of  the  animal  and  placed  on  ab- 
sorbent cotton  in  40  cc.  of  the  fixing  solution  whose  action  was  to 
be  tested.  Except  in  one  case  (rat  no.  5),  all  fixation  was  done 
at  room  temperature  which  was  about  20°C.  The  brains  of  adult 
individuals  were  taken  for  all  of  the  experiments  but  two  (rats 
nos.  20  and  21).  The  exact  age  of  the  animal  used  was  not  known 
in  aiiy  case;  but  this  factor  could  have  had  little,  if  any,  influence 
on  the  results,  as  none  of  the  rats  could  have  been  over  a  year 
old  and  the  majority  of  them  were  much  younger.  The  physical 
condition  of  the  animals,  therefore,  is  the  uncontrolled  factor 
which  might  have  affected  the  results,  and  to  it  can  doubtless  be 
ascribed  the  variations  in  the  results  which  were  obtained  when 
braiiiS  of  different  individuals  were  subjected  to  similar  treatment. 

After  remaining  in  the  fixing  fluid  a  given  length  of  time,  each 
brain  was  drained  for  a  moment  on  filter  paper,  to  remove  the 
superfluous  liquid,  and  then  carefully  weighed  in  a  closed  weigh- 
ing bottle.  After  passing  through  the  various  grades  of  alcohol 
required  by  the  method  of  fixation  employed,  the  brains  were 
brought  into  70  per  cent  alcohol,  where  they  remained  for  forty- 
eight  hours.  They  were  then  drained  and  weighed  a  second  time 
in  order  to  determine  the  loss  in  weight  due  to  the  replacement  of 
the  water  in  the  brain  by  alcohol. 

In  all  of  the  earlier  experiments  the  brains  were  divided  longi- 
tudinally after  they  had  been  weighed  a  second  time,  and  each 
half  of  the  brain  was  imbedded  by  a  different  method  in  order  to 
ascertain  what  structural  changes  could  be  attributed  to  the 
process  of  imbedding  when  the  same  methods  of  fixation  had  been 
employed.  It  was  soon  found  that  methods  of  imbedding  com- 
monl}^  used  for  neurological  material,  as  well  as  for  other  tissues, 
produce  marked  alterations  in  the  structure  of  the  cells'  in  the 
cerebral  cortex.  Imbedding  in  paraffine  after  clearing  with  either 
xylol,  oil  of  cedar,  bergamot  oil,  or  chloroform,  does  not  give 
satisfactory  preparations  of  the  rat's  brain  when  the  details  of 
cell  structure  are  wanted.  Celloidin,  since  it  can  be  used  without 
heat,  is  a  very  excellent  medium  for  imbedding  brain  tissue. 
There  are,  however,  several  disadvantages  connected  with  the 
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use  of  celloidin  as  an  imbedding  medium,  not  the  least  of  which 
is  the  difficulty  of  obtaining  unbroken  series  of  very  thin  sections. 
Equally  good  results  were  obtained  when  brains  were  imbedded 
in  celloidin  according  to  the  methods  advocated  by  Hardesty 
(^02)  and  by  Lee  ('05)  as  when  the  very  long  method  devised  by 
Miller  ('03)  was  employed.  After  experiments  had  been  made 
with  a  number  of  different  methods  it  was  finally  decided  that  the 
most  satisfactory  results  were  obtained  by  double  imbedding  in 
celloidin  and  paraffine  according  to  the  method  of  Bodeker  C08). 
The  details  of  this  method  are  given  in  the  second  section  of  this 
paper. 

For  convenience  in  description,  the  data  collected  in  the  course 
of  this  study  are  given  in  six  tables.  In  each  of  the  first  five 
tables  the  first  column  gives  the  index  numbers  of  the  rats  whose 
brains  were  used,  while  the  second  column  denotes  the  solutions 
used  for  fixation.  The  next  two  columns  show  the  weight  of  each 
brain  on  its  removal  from  the  fixing  solution,  together  with  the 
percentage  gain  or  loss  in  weight  as  a  result  of  the  action  of  the 
solution;  the  computed  weight  of  the  fresh  brain  being  taken  as 
the  standard.  The  fifth  column  gives  the  weight  of  each  brain 
after  it  had  remained  in  70  per  cent,  alcohol  for  forty-eight  hours; 
and  the  last  column  shows  the  percentage  gain  or  loss  in  weight 
as  a  result  of  the  replacement  of  the  water  in  the  brain  by  alcohol. 
All  of  the  data  are  brought  together  in  table  6  which  gives  for 
each  rat,  in  addition  to  what  is  shown  in  the  first  five  tables,  the 
sex,  body  weight,  body  length,  the  length  of  time  the  brain  re- 
mained in  the  fixing  solution,  and  also  the  weight  of  the  fresh 
brain  as  computed  from  body  length  and  body  weight  according 
to  the  method  given  by  Donaldson  ('08,  '09),  which  is  based  on 
formulas  devised  by  Hatai  ('08,  '09).    [See  page  233.] 

With  the  few  exceptions  noted,  all  brains  were  imbedded  in 
celloidin  or  in  celloidin-paraffine.  Sections  were  stained  with 
thionin,  except  in  the  two  cases  (rats  nos.  43  and  44),  where  this 
stain  did  not  give  satisfactory  results.  The  illustrations  are  from 
drawings  of  the  large  pyramidal  cells  in  the  cerebral  cortex  taken 
from  frontal  sections  at  the  level  of  the  optic  chiasma.  As  far 
as  possible  cells  were  selected  for  drawing  which  represented  the 
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average  condition  of  the  large  cortex  cells,  after  the  brains  had 
been  subjected  to  a  given  course  of  treatment.  In  the  various 
tables  a  star  (*)  is  prefixed  to  the  index  number  of  each  rat  from 
whose  brain  cells  were  selected  for  illustration. 

A.   THE    EFFECTS    OF    VARIOUS    FIXATIVES    ON    THE    BRAIN    OF 
THE     ALBINO     RAT 

At  the  present  time  formaldehyde  is  very  generally  used  for 
the  fixation  and  preservation  of  the  brams  of  man  and  of  the  higher 
mammals.  This  substance,  commonly  employed  in  a  4  per  cent, 
solution  (10  per  cent,  formalin)  produces  but  slight  alterations 
in  form  or  in  color  and  gives  a  good  consistency  to  the  tissues, 
although  it  causes  a  marked  increase  in  weight  and  in  volume. 
Table  1  shows  the  various  solutions  containing  formaldehyde 
that  were  used  as  fixatives  of  the  brain  of  the  albino  rat  and  their 
effects  on  the  brain  weight. 

TABLE  V 


BAT 

NO. 


SOLUTIONS  USED  POR 
FIXATION 


WSIQBT   OP 

BBAIN    IN  PERCCNT. 

I    ORAMS    ON  GAIN   OR 

,     RSyOVAL  LOSS   IN 

FROM  FIXING  WEIGHT 

SOLUTION 


I   WEIGHT  OF  j 
I      BRAIN  IN 
GRAMS  AFTER 
REMAINING   I 
IN  70%  ALCO-' 

HOLPOR 
I      48  HOURS     I 


PER  CENT. 
GAIN  OR 
LOSS  IN 
WEIGHT 


♦1 

2 

4 

3 

5 

♦27 

18 

37 

♦38 

41 

46 

49 

50 

♦32 

33 

10 


I  4%  Formaldehyde i    2 

4%  Formaldehyde 2 

4%  Formaldehyde |    2 

Formol-Muller  (cold) 2 

Formol-Mtiller  (warm) 

Alcohol-f  ormol 

Zenker-formol 

Marina's  fluid 

Marina's  fluid 

Sublimate-f  ormol 

Sublimate-f  ormol 

Sublimate-f  ormol-acetic 

Sublimate-f  ormol-acetic 

Graf's  fluid  (5%  formalin) 

Graf's  fluid  (10  %  formalin) . 
Bouin'spicro-f  ormol 


5750 

.8200 

6778 

.2437 

1880 

.6392 

.6040 

2219 

2146 

3315 

0512 

7687 

8944 

.1520 

9283 

7881 


+33 

+54 
+50 
+21 
+22 
-10 

-  2 
-33 
-35 
+21 
+  17 

-  2 
+  8 
+23 
+  7 
-00 


1.5706 
1.6436 
1.6577 
1.5537 
1.8711 
1.5147 
1.3297 
1.2913 
1.2546 
1.6565 
1.3687 
1.5003 
1.5221 
1.7421 
1.5994 
1.4663 


-19 
-10 

-  7 
-16 
+  4 
-16 
-18 
-29 
-33 
-14 
-22 
-17 
-13 

-  0 
-12 
-18 


*  In  this  and  in  other  tables,  the  percentages  given  are  based  on  the  computed 
fresh  weight  of  the  brain  which  is  shown  in  table  6. 


Digitized  by 


Google 


EFFECTS  OF  FIXATIVES  ON  RATS'  BRAINS  217 

The  brains  of  three  rats  (nos.  1,2,4)  were  fixed  for  forty-eight 
hours  in  a  4  per  cent,  aqueous  solution  of  formaldehyde  which 
had  been  made  neutral  with  bicarbonate  of  soda  as,  according  to 
Bayon  ('05),  a  formaldehyde  solution  that  has  an  acid  reaction  is 
not  suitable  for  histological  purposes.  In  all  three  cases  there  was 
a  large  initial  gain  in  the  weight  of  the  brain  which  was  followed 
by  such  a  loss  in  weight  after  the  brain  had  been  brought  into  70 
per  cent,  alcohol  that  at  the  second  weighing  each  brain  weighed 
somewhat  less  than  its  computed  fresh  weight.  The  alteration 
produced  in  the  brain  weight  of  rats  by  aqueous  formaldehyde 
solutions  Are  similar  to  those  which  this  fluid  causes  in  the 
brains  of  man  and  of  sheep,  according  to  the  investigations  of 
Parker  and  Floyd  ('95),  of  Flatau  ('97),  and  of  Hrdlicka('06). 

On  making  a  histological  examination  of  the  brains  that  were 
fixed  in  a  4  per  cent,  solution  of  formaldehyde,  it  was  found  that 
this  substance  does  not  have  as  injurious  an  effect  on  the  structure 
of  the  cells  as  do  other  fixatives  that  produce  much  less  alteration 
in  the  brain  weight.  One  of  the  large  cells  from  the  cerebral  cor- 
tex of  the  half  of  the  brain  of  rat  no.  1  which  was  imbedded  in 
celloidin  is  shown  in  fig.  1 .  There  is  no  apparent  shrinkage  of  the 
cell  body  and  the  cytoplasm  stains  evenly  and  appears  uniformly 
distributed.  The  nucleus,  however,  has  suffered  considerably 
from  the  action  of  the  fixative,  as  it  is  decidedly  larger  than  nor- 
mal and  its  reticuluim  is  poorly  preserved  and  stains  very  faintly. 

A  cell  from  the  portion  of  the  brain  of  rat  no.  1  which  was 
imbedded  in  paraffine  after  being  cleared  in  chloroform  is  shown 
in  fig.  2.  This  cell  plainly  shows  the  injurious  effects  produced 
by  this  mode  of  imbedding.  The  cell  body  is  considerably  shrunk- 
en, while  the  nucleus  is  slightly  contracted  and  very  irregular  in 
outline.  The  smaller  cells  of  the  cerebral  cortex  do  not  seem  to  be 
as  adversly  affected  by  the  paraffine  imbedding  as  do  the  larger 
cells,  and  most  of  them  appear  fully  as  well  preserved  as  do 
similar  cells  in  brains  that  have  been  imbedded  in  celloidin  or 
in  celloidin-paraffine. 

Many  investigators  have  stated  that  for  histological  purposes 
formaldehyde  gives  the  best  results  when  used  in  combination 
with  other  fixing  reagents.    Of  the  various  formaldehyde  mix- 
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tures  that  have  been  devised,  the  Formol-Muller  solution  of  Orth 
('92)  has  been  most  highly  recommended  by  Juliusburger  ('97), 
and  others  as  an  excellent  fixative  for  the  central  nervous  system. 
The  brain  of  one  rat  (no.  3)  was  fixed  for  twenty  hours  in  Formol- 
Muller  solution,  which  was  kept  at  room  temperature  (20°  C); 
the  brain  of  another  rat  (no.  5)  remained  for  three  hours  in  this 
solution  heated  to  about  35°  C.  As  shown  in  table  1,  each  brain 
had  gained  about  21  per  cent,  in  weight  when  it  was  removed  from 
the  solution ;  the  subsequent  loss  in  weight  was,  however,  about 
20  per  cent,  greater  in  the  case  of  the  brain  which  had  been  fixed 
in  the  cold  solution  than  in  that  which  had  been  fixed  in  the  warm 
solution.  When  these  brains  were  examined  histologically  the 
fixation  of  the  cell  structures  was  found  to  be  no  better  in  the  one 
case  than  in  the  other.  In  both  brains  the  large  cells  of  the  cere- 
bral cortex  appeared  very  similar  to  those  in  brains  that  had  been 
fixed  in  4  per  cent,  formaldehyde,  as  there  was  a  slight  swelUng 
of  the  nucleus  and  a  poor  fixation  of  the  nuclear  contents.  As 
a  cell  fixative  for  the  brain  of  the  rat,  therefore,  this  fluid  seems  to 
have  no  advantage  over  the  simple  aqueous  formaldehyde  solu- 
tion. 

Parker  and  Floyd  ('95)  recommend  a  solution  composed  of  6 
volumes  of  95  per  cent,  alcohol  and  4  volumes  of  a  2  per  cent, 
solution  of  formalin  as  an  excellent  preservative  for  the  brains 
of  higher  mammals.  This  solution  was  used  as  a  fixative  of  the 
brain  of  ratno.  27.  As  the  brain  had  decreased  10  per  cent,  in  weight 
when  removed  from  the  fixing  solution  (table  1),  it  is  evident  that 
the  addition  of  alcohol  to  formaldehyde  prevents  the  swelling 
which  is  a  characteristic  action  of  aqueous  formaldehyde  solutions 
on  brain  tissue.  As  a  cell  fixative  this  fluid  does  not  give  satis- 
factory results.  Although  there  is  but  little  shrinkage  of  the 
cell  body,  the  cytoplasm  is  invariably  vacuolated  in  the  vicinity 
of  the  nucleus,  as  shown  in  fig.  3,  while  the  nucleus  itself  is  some- 
what irregular  in  outline  and  its  contents  are  vaguely  defined 
and  stain  faintly. 

Zenker-formol  was  used  as  a  fixative  of  the  brain  of  rat  no.  18. 
The  brain  lost  but  2  per  cent,  in  weight  as  a  direct  result  of  the 
fixation;  the  later  shrinkage,  after  the  brain  had  been  brought 
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into  70  per  cent,  alcohol,  being  18  per  cent.  The  most  marked 
histological  effect  of  this  fluid  is  on  the  cell  nuclei.  These  struc- 
tures always  appear  shrunken  and  irregular  in  outline,  while 
their  contents  are  very  poorly  preserved.  Large  cells  of  the  cere- 
bral cortex  of  the  brain  that  was  fixed  by  this  method  appear  much 
as  does  the  cell  shown  in  fig.  2. 

Marina  ('97)  recommends  as  a  fixative  for  the  central  nervous 
system  a  solution  made  as  follows : 

Alcohol  (96 percent) 100  ccm. 

Formol 5  ccm. 

Chromic  acid 10  cgm. 

When  used  on  the  brain  of  the  rat  (nos.  37  and  38)  this  fluid 
produces  marked  alteration  in  the  brain  wieght  and  also  in  the 
cell  structures.  There  is  an  initial  loss  of  from  33  per  cent,  to 
35  per  cent,  in  the  brain  weight  which  is  not  materially  altered 
by  subsequent  treatment  of  the  brain  with  70  per  cent,  alcohol. 
One  of  the  cells  from  the  cortex  of  the  brain  of  rat  no.  38  is  shown 
in  fig.  4.  There  is  little  apparent  shrinkage  of  the  cell  body  as  a 
whole:  the  cytoplasm  appears  uniform,  but  it  stains  much  more 
intensely  than  does  the  cytoplasm  of  cells  in  brains  fixed  with  other 
formaldehyde  solutions.  On  the  cell  nuclei  this  fluid  had  a  very 
peculiar  action.  In  the  great  majority  of  cases  the  nucleus  appears 
swollen,  and  it  has  a  very  irregular  outline  with  many  indentations, 
as  if  the  fixation  had  set  up  an  unusual  chemical  reaction  between 
the  fluid  contents  of  the  nucleus  and  those  of  the  cytoplasm.  In 
some  cases  the  nuclear  reticulum  seems  to  be  entirely  broken  up 
so  that  the  nuclear  contents,  save  for  the  nucleolus,  appears  to  be 
composed  of  small,  rounded,  deeply  staining  granules;  in  other 
cases,  as  shown  in  fig.  4,  there  are  a  few  irregular  clumps  of  nuclear 
substance  scattered  among  the  granules.  Marina's  fluid  produced 
a  much  greater  distortion  of  the  nuclear  structure  in  the  cells  of 
the  cerebral  cortex  than  resulted  from  the  fixation  with  any  of  the 
other  solutions  that  were  used  during  the  course  of  these  experi- 
ments. 

Ewing  ('98)  states  that  a  saturated  solution  of  corrosive  subli- 
mate in  a  5  per  cent,  solution  of  formalin  gives  a  superior  fixation 
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of  ganglion  cells,  bringing  out  the  so-called  chromatic  network 
with  great  clearness.  The  brains  of  two  rats  (nos.  41  and  46)  were 
fixed  with  i^iis  fluid.  Each  brain  gained  considerably  in  weight 
as  a  direct  result  of  the  fixation,  the  greater  gain  (21  per  cent.) 
being  made  by  the  brain  of  rat  no.  41  which  had  remained  the 
shorter  time  (four  hours)  in  the  solution.  Both  brains  later  lost 
considerably  in  weight,  the  loss  being  greater  in  the  brain  (rat 
no.  46)  which  had  remained  for  twenty  hours  in  the  solution.  This 
fli^d  gives  a  very  much  better  preservation  of  the  cell  structitres 
than  might,  perhaps,  be  expected  from  its  effects  on  the  brain 
weight.  Very  few  of  the  large  cells  in  the  cerebral  cortex  show 
any  evidence  of  shrinkage,  and  the  cytoplasm  always  appears 
uniform.  The  nuclear  reticulum  is  fairly  well  preserved  and  it 
stains  deeply;  but  the  nucleus  itself  is  usually  slightly  enlarged. 
The  large  cells  in  the  cerebral  cortex  of  the  brains  fixed  by  this 
solution  appear  very  much  like  that  shown  in  fig.  13. 

One  of  the  solutions  recommended  by  Cox  (^98)  as  a  fixative  for 
the  spinal  ganglioxi  cells  of  the  rabbit  is  made  as  follows: 

Corrosive  sublimate  (saturated  aq.  solution) . .  .30  parts 

Formalin 10  parts 

Glacial  acetic  acid 5  parts 

Comparatively  slight  alterations  are-  produced  in  the  brain 
weight  as  a  direct  result  of  fixation  in  this  solution  (table  1: 
rats  nos.  49  and  50),  although  after  subsequent  treatment  with 
70  per  cent,  alcohol  the  brain  loses  from  13  to  17  per  cent,  of  its 
computed  fresh  weight,  depending  on  the  length  of  time  it  has 
remained  in  the  solution.  As  a  cell  fixative  for  the  brain  of  the 
rat  this  fluid  cannot  be  recommended.  In  all  cases  the  nuclei  of 
the  large  cells  in  the  cerebral  cortex  are  swollen,  and  the  nuclear 
reticulum  appears  much  like  that  shown  in  fig.  1. 

The  picro-formol  solu!tion  of  Graf  ('97)  certainly  suffers  from 
the  omission  of  acetic  acid,  as  Lee  ('05:  p.  77)  has  stated.  This 
solution,  made  with  5  per  cent,  formalin,  was  used  as  a  fixative 
of  the  brain  of  rat  no.  32.  The  brain  gained  23  per  cent,  in  weight 
as  a  direct  result  of  the  fixation;  but  after  remaining  in  70  per 
cent  alcohol  for  forty-eight  hours  it  weighed  practically  its  corn- 
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puted  fresh  weight.  A  cell  from  the  cortex  of  this  brain  is  shown 
in  fig.  5.  The  cell  outline  is  regular  and  the  cytoplasm  appears 
uniform;  the  nucleus,  however,  is  swollen  and  there  is  a  very  poor 
preservation  of  the  nuclear  contents. 

The  brain  of  rat  no.  33  was  fixed  in  Graf's  fluid  made  with  10  per 
cent.  formaUn.  This  fluid  produces  a  very  different  effect  on  the 
brain  weight  from  that  which  results  from  fixation  with  Graf's  solu- 
tion whichcontainsasmalleramountofformalin  (table  1  :ratno.32). 
The  initial  increase  in  the  brain  weight  is  but  7  per  cent.,  and  the 
subsequent  loss  in  weight,  aftet  the  brain  has  been  treated  with 
70  per  cent,  alcohol,  is  sufficiently  large  to  make  the  final  weight 
of  the  brain  12  per  cent,  less  than  the  computed  fresh  weight. 
The  stronger  solution  does  not  give  as  good  a  preservation  of  the 
cell  structures  in  the  cerebral  ccfrtfex  as  does  the  solution  that  con- 
tains the  5  per  cent,  formalin,  as  there  is  a  distinct  shrinkage  of 
the  cell  body  in  addition  to  an  alteration  of  nuclear  structure 
similar  to  that  shown  in  fig.  5. 

The  picro-formol  solution  of  Bouin  C97),  which  was  used  to 
fix  the  brain  of  rat  no.  10,  gave  a  much  better  preservation  of  the 
nerve  cells  in  the  cortex  than  did  artSy  of  the  other  formaldehyde 
solutions  that  were  tried,  and  it  produced  practically  no  altera- 
tion in  the  brain  weight.  The  brain  was  imbedded  in  celloidin- 
paraffine  and  sections  of  it  show  an  admirable  preservation  both 
of  cell  and  of  nuclear  structure.  A  careful  comparison  between 
the  cerebral  cells  in  this  brain  and  those  in  brains  fixed  in  the 
solution  of  Ohlmacher  ('97)  shows  that  the  latter  solution  gives 
a  slightly  better  fixation  of  the  nuclei  than  is  obtained  with  Bouin 's 
fluid.  No  further  experiments  were  therefore  made  with  Bouin's 
fluid  which  is  doubtless  as  excellent  a  fixative  for  the  central 
nervous  system  as  it  seems  to  be  for  many  other  kinds  of  materials. 

Judging  from  the  results  obtained  on  the  brain  of  the  rat,  solu- 
tions containing  formaldehyde  give,  in  general,  a  good  fixation  of 
the  cell  body,  but  they  tend  to  produce  a  swelling  of  the  nucleus 
which  is  usually  accompanied  by  a  poor  preservation  of  the 
nuclear  contents. 

Before  the  introduction  of  formaldehyde  as  a  fixing  and  harden- 
ing reagexit,  bichromate  of  potassium  (K2Cr207),  either  in  simple 


Digitized  by 


Google 


222 


HELEN  DEAN   KING 


aqueous  solution  or  in  combination  with  sodium  sulphate  as 
''Miiller's  fluid/'  was  very  generally  emjHoyed  for  the  fixation  of 
manunalian  brains.  Donaldson  ('94)  studied  the  action  of  this 
preservative  on  the  weight  and  volume  of  the  brains  of  sheep. 
He  found  that,  in  general,  the  weight  of  a  brain  increases  according 
to  the  number  of  days  it  is  left  in  the  solution;  the  gain  being 
about  17  per  cent,  as  a  result  of  one  day's  action  of  a  2|  per  cent, 
solution,  increasing  to  a  maximum  of  38  per  cent,  after  an  immer- 
sion of  two  years  in  the  fluid. 

TABLE  2 


RAT 
NO. 


Solutions  uskd  fob 
fixation 


,  WEIGHT  OF  I 
I      BRAIN  IN     , 

GRAMS  ON  ' 
'  REMOVAL  I 
FROM   FIXING 

SOLUTION     ' 


PER  CENT. 
GAIN  OR 
LOSS  IN 
WEIGHT 


WEIGHT  OF 
I      BRAIN  IN      I 
GRAMS  AFTER 

REMAINING 
IN  70%  ALCO- 
HOL FOR 
48  HOURS 


PER  CENT. 
GAIN  OR 
LOSS  IN 
WEIGHT 


22     2i%K2Cr207 2.8445  j      +73  '    2.1409  +31 

♦23     2Kc  KaCrj  O7 2.5594  +52  1.7518  +4 

*24  '  21  %  K2  Cr20;+  alcohol I  2.5073  +40  '    1.8885  I      +  6 

25  ,  2J  7o  KaCraOr  +  alcohol ,  2.8169  I      +50  '    2.1797  +16 

♦8  '  Zenker  then  MUller !  1.8716  +3  1.6666  I       -8 

19     Zenker  (20^0  acetic  acid) 1.7451  +5  1.3167  ,       -21 

♦9     Dahlgren  then  Muller 1 .9000  +  3  1 .7273  '      -  7 

43  Tellyesniczky's  fluid 1.9643  +6  1.6372  1       -12 

44  Tellyesniczky's  fluid 1.7981  i       +3  1.4906  |      —14 

3  i  Formol-Muller  (cold) 2.2437  +21  1 .5537  -16 

5     Formol-Muller  (warm) 2.1880  '      +22  j     1.8711  |      +4 

18  '  Zenker-formol 1.6040  I       -2  1.3297  -18 


In  table  2  is  shown  the  effects  on  the  weight  of  the  brain  of  the 
albino  rat  of  various  solutions  containing  bichromate  of  potas- 
sium. 

The  brains  of  two  rats  (nos.  22  and  23)  were  subjected  t6  the 
action  of  a  2^  per  cent,  solution  of  bichromate  of  potassiiun  for 
forty-eight  hours.  The  gain  in  weight  as  a  result  of  the  absorp- 
tion of  the  fluid  by  the  brain  tissue  was  enormous,  being  73  per 
cent,  in  one  case  and  52  per  cent,  in  the  other.  The  brain  of  rat 
no.  22,  which  made  the  greater  initial  gain  in  weight,  still  weighed 
31  per  cent,  more  than  its  computed  fresh  weight  after  remaining 


Digitized  by 


Google 


EFFECTS  OF  FIXATIVES  ON  RATS'  BRAINS  223 

in  70  per  cent,  alcohol  for  two  days ;  while  the  brain  of  rat  no.  23 
weighed  4  per  cent,  more  than  the  computed  fresh  weight  after 
a  similar  course  of  treatment.  In  spite  of  the  fact  that  both  brains 
were  considerably  swollen  when  they  were  imbedded  in  celloidin- 
paraffine,  the  tissues  appeared  greatly  shrunken  when  prepared 
sections  were  examined  under  the  microscope.  In  each  brain  the 
large  cells  of  the  cerebral  cortex  were  greatly  contracted  and  the 
cytoplasm  much  vacuolated,  as  shown  in  fig.  6.  The  nuclei  of 
these  cells  were  also  distorted  in  shape  and  their  membranes 
appeared  abnormally  thick.  Only  traces  of  a  nuclear  reticulum, 
could  be  found  even  in  the  most  favorable  cases.  The  smaller 
cells  of  the  cortex  were  also  contracted  and  badly  preserved.  This 
solution  had  a  more  injurious  effect  on  the  cell  structures  in  the 
cerebral  cortex  that  did  any  of  the  other  fixing  solutions  that  were 
used  during  the  course  of  these  experiments. 

Donaldson  (^94)  found  that  if  the  brains  of  sheep  are  put  into  a 
solution  made  by  adding  i  volume  of  95  per  cent,  alcohol  to  a  2| 
per  cent,  solution  of  bichromate  of  potassium  the  initial  increase 
in  the  brain  weight  is  somewhat  less  than  when  the  2^  per  cent, 
solution  of  bichromate  of  potassium  alone  is  used.  Thinking 
that  this  mixture  might  give  better  preparations  of  the  brain 
of  the  rat  than  were  obtained  with  the  simple  bichromate  of  potas- 
sium solution,  I  used  it  as  a  fixative  for  the  brains  of  two  rats 
(nos.  24  and  25).  The  effects  of  this  fixative  on  the  weight  of  the 
brains  of  rats  are  similar  to  those  which  are  produced  on  the  brains 
of  sheep,  as  the  increase  in  weight,  although  large,  is  less  than  that 
caused  by  the  bichromate  of  potassium  solution  (table  2)).  This 
mixture  gives  a  better  fixation  of  the  cell  structures  in  the  cere- 
bral cortex  of  the  brain  of  the  rat  than  does  the  aqueous  solution 
of  bichromate  of  potassium,  bat  it  is  by  no  means  a  satisfactory 
fixative  for  histological  purposes.  The  structure  of  one  of  the 
large  cells  in  the  cerebral  cortex  of  the  brain  of  rat  no.  24  is  shown 
in  fig.  7.  The  cell  body  is  somewhat  shrunken  and  the  nuclear 
outline  is  much  distorted.  In  the  nucleus  of  this  cell,  as  in  the 
nuclei  of  the  great  majority  of  the  large  cells  in  the  cortex  of  brains 
fixed  by  a  2^  per  cent,  solution  of  bichromate  of  potassium,  there 
is  no  indication  of  a  nuclear  reticulum,  the  greater  part  of  the 
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chromatin  being  collected  around  the  nucleolus.  The  cytoplasm 
of  the  cell  is  not  vacuolated,  but  it  appears  denser  in  some  places 
than  in  others. 

At  the  present  time  Zenker's  fluid  is  much  used  for  fixing  mater- 
ial for  cytological  study,  and  it  seems  to  give  very  excellent  pre- 
parations of  many  kinds  of  materials.  The  value  of  this  fluid  as 
a  preservative  of  brain  tissue  was  tested  on  the  brain  of  rat  no. 
8.  After  remaining  for  six  hours  in  this  fluid  the  brain  was  put 
into  Miiller's  solution  for  forty-eight  hours  in  order  that  it  might  be 
properly  hardened.  As  shown  in  table  2,  the  weight  of  the  brain 
was  increased  but  3  per  cent,  as  a  result  of  the  fixation,  and  the 
subsequent  loss  in  weight  was  only  about  8  per  cent.  When  this 
brain  was  examh  ed  histologically  it  was  found  that  the  cells  in 
the  cerebral  cortex  had  been  poorly  preserved  in  spite  of  the  fact 
that  the  mode  cf  f  xation  employed  had  produced  but  a  slight 
alteration  in  the  weight  of  the  brain.  The  structure  of  one  of  the 
large  cells  in  the  cerebral  cortex  of  this  brain  is  shown  in  fig.  8. 
The  cell  outline  is  fairly  regular,  but  the  greater  part  of  the  cyto- 
plasm, is  condersed  around  the  nucleus.  Although  the  nucleus 
has  maintained  its  normal  shape  and  size,  the  nuclear  contents 
staiLS  rather  faintly  and  only  traces  of  a  nuclear  reticulum  can 
be  found. 

If  the  amount  of  acetic  acid  in  Zenker^s  fluid  is  increased  from 
5  per  cent,  to  20  per  cent,  and  the  solution  thus  modified  used  as 
a  fixative  for  the  brain  of  the  rat,  there  is  an  initial  increase  of 
about  5  per  cent,  in  the  weight  of  the  brain,  which  is  followed  by  a 
loss  of  about  20  per  cent,  in  weight  after  the  brain  has  been  brought 
into  70  per  cent,  alcohol  (table  2:  rat  no.  19).  This  fluid  gives  a 
better  fixation  of  the  cell  structures  in  the  cerebral  cortex  of  the 
brain  of  the  rat  than  does  Zenker's  fluid,  but  it  is  by  no  means  a 
satisfactory  fixative  for  brain  tissue.  After  fixation  with  this 
fluid  the  large  cells  in  the  cerebral  cortex  appear  much  like  that 
shown  hi  fig.  3. 

The  brain  of  rat  no.  9  was  fixed  in  Dahlgren's  ('97)  fluid  and 
then  hardened  in  MuUer's  fluid.  Cell  structures  are  much  better 
preserved  by  this  mode  of  fixation  than  by  the  Zenker-Miiller 
treatment,  although  practically  the  same  alterations  in  brain 
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weight  are  produced  in  both  cases  (table  2).  As  shown  in  fig.  9, 
which  is  a  drawing  of  one  of  the  large  cells  in  the  cerebral  cortex 
of  the  brain  of  rat  no.  9,  there  is  no  contraction  of  the  cell  body 
and  no  vacuolization  or  condensation  of  the  cytoplasm  after  this 
method  of  fixation.  The  deleterious  effects  of  the  fixation  mani- 
fest themselves  only  in  the  nucleus  of  the  cell.  This  body  appears 
shrunken  and  irregular  in  outline,  and  the  nuclear  reticulum  is 
not  clearly  defined. 

After  ascertaining  that  the  fixatives  commonly  employed  for 
cytological  purposes  produce  various  artefacts  in  the  testis  cells 
of  the  salamander,  Tellyesniczky  ('98)  devised  a  theoretically 
good  fixative  made  as  follows: 

Bichromate  of  potassium 3  grms. 

Glacial  acetic  acid 5  cc. 

Distilled  water 100  cc. 

The  brains  of  rats  nos.  43  and  44  were  fixed  in  this  fluid.  The 
initial  increase  in  the  weight  of  the  brains  was  comparatively 
slight,  being  6  per  cent,  in  one  case  and  3  per  cent,  in  the  other; 
both  brains  lost  about  the  same  amount  (17  per  cent.)  after  being 
treated  with  70  per  cent,  alcohol.  Thionin  did  not  prove  to  be  a 
satisfactory  stain  for  this  material;  and,  therefore,  the  sections 
were  stained  with  Delafield's  haematoxylin  which  brought  out 
the  nuclear  reticulum  with  great  distinctness  but  did  not  give 
particularly  sharp  outlines  to  the  cell  body.  Tellyesniczky's 
fluid  gives  a  fixation  of  the  cells  structures  in  the  brain  of  the  rat 
fully  as  good  as  that  obtained  with  Bouin's  picro-formol  solution; 
neither  solution,  however,  gives  quite  as  fine  a  fixation  or  permits 
of  as  brilliant  staining  as  does  the  solution  of  Ohlmacher  ('97), 
whose  action  will  be  described  in  detail  later  on. 

The  alterations  produced  in  the  brain  of  the  rat  by  fixation  with 
fluids  containing  both  formalin  and  bichromate  of  potassium  have 
been  already  described  (rats  nos.  3,  5,  18).  With  the  exception  of 
Tellyesniczky's  fluid,  all  of  the  various  solutions  containing  bichro- 
mate of  potassium  that  were  used  as  fixatives  of  the  brain  of  the 
rat  gave  a  very  inadequate  fixation  of  the  cell  structures  in  the 
cerebral  cortex.    Owing,  doubtless,  to  the  fact  that  it  penetrates 
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tissues  very  slowly,  bichromate  of  potassium  causes  a  contraction 
of  the  cell  body  and  fails  to  preserve  the  nuclear  structure. 

Corrosive  sublimate,  either  in  concentrated  water  solution  or 
combination  with  other  fixing  reagents,  has  been  used  success- 
fully by  various  investigators  as  a  preservative  of  the  cell  struct- 
ures in  the  central  nervous  system  of  the  vertebrates,  von  Len- 
hoss^k  (^95)  and  Flemming  ('96')  recommend  a  concentrated 
solution  of  corrosive  sublimate  in  water  as  a  fixative  for  nervous 
tissue.  This  solution  was  used  on  the  brains  of  rats  nos.  39  and 
40.  The  swelhng  of  the  brain  as  a  result  of  the  fixation  was  prac- 
tically the  same  whether  the  brain  remained  for  four  hours  (rat 
no.  39)  or  for  twenty  hours  (rat  no.  40)  in  the  solution  (table  3). 
After  treatment  with  70  per  cent,  alcohol,  each  brain  was  found  to 
weigh  about  23  per  cent,  less  than  its  computed  fresh  weight. 
A  much  better  fixation  of  the  cells  in  the  cerebral  cortex  is  ob- 
tained when  a  brain  is  subjected  to  the  action  of  the  solution  for 
twenty  hours  than  when  the  fluid  acts  for  only  four  hours.  En- 
tirely satisfactory  preparations  are  not  obtained  in  either  case, 
however,  as  the  cytoplasm  of  the  cells  is  invariably  vacuolated, 
much  like  that  shown  in  fig.  6.  The  nuclei  are  very  well  preserved 
by  this  method  of  fixation,  and  details  of  structure  appear  with 
great  clearness  after  the  sections  have  been  stained  with  thionin. 

A  saturated  aqueous  solution  of  corrosive  sublimate,  to  which 
5  per  cent,  of  acetic  acid  had  been  added,  was  used  as  a  fixative 
of  the  brain  of  rat  no.  29.  As  shown  in  table  3,  the  brain  increased 
but  5  per  cent,  in  weight  as  a  direct  result  of  the  action  of  thesolu- 
tion,  and  it  subsequently  lost  about  20  per  cent,  of  its  computed 
fresh  weight  after  being  washed  and  passed  through  the  lower 
grades  of  alcohol  into  70  per  cent,  alcohol.  Sublimate-acetic  is 
a  somewhat  better  fixative  for  the  cell  structures  in  the  cortex  of 
the  brain  of  the  rat  than  is  the  concentrated  aqueous  solution  used 
on  the  brains  of  rats  nos.  39  and  40,  and  it  gives  a  remarkably 
good  preservation  of  the  nuclei,  as  is  snown  by  an  examination  of 
fig.  12.  The  rest  of  the  cell,  however,  is  not  preserved  in  an  en- 
tirely satisfactory  manner,  as  the  cytoplasm  is  invariably  vacuo- 
lated, although  there  is  no  evident  shrinkage  of  the  cell  body  as 
is  the  case  in  many  of  the  cells  in  the  brains  of  rats  nos.  39  and  40. 


Digitized  by 


Google 


EFFECIS  OF  FIXATIVES  ON  RATS'  BRAINS  227 

A  physiological  salt  solution  saturated  with  corrosive  subli- 
mate was  used  as  a  fixative  of  the  brains  of  rats  nos.  42  and  45. 
There  was  an  increase  in  the  brain  weight  as  a  result  of  the  fixa- 
tion comparable  to  that  produced  in  other  brains  preserved  in 
solutions  containing  corrosive  sublimate  (table  3).  The  initial 
increase  in  the  brain  weight,  however,  was  over  twice  as  great 
(16  per  cent.)  when  the  brain  remained  in  the  solution  for  twenty 
hours  (rat  no.  45)  as  when  the  solution  acted  on  the  brain  for 
only  four  hours  (rat  no.  42).  The  appearance  of  the  cells  in  the 
cerebral  cortex  of  brains  fixed  by  this  method  is  about  like  that 
shown  in  fig.  12.  After  a  brain  has  remained  twenty  hours  in  this 
solution  the  nuclei  of  the  large  cerebral  cortex  cells  appear  slightly 
enlarged,  and  their  contents  stain  less  sharply  than  when  a 
shorter  time  (four  hours)  has  been  employed  for  the  fixation  of 
the  tissue. 

The  solution  employed  by  Lang  (78)  for  the  preservation  of 
planarians  has  recently  been  used  with  apparently  good  results 
as  a  fixative  of  nervous  tissues.  For  use  on  the  central  nervous 
system  this  solution,  according  to  Ewing  ('98),  is  made  as  follows: 

Corrosive  sublimate 5  grm. 

Sodium  chloride 6     " 

Glacial  acetic  acid 5  cc. 

Distilled  water 100  cc. 

• 

The  effects  of  this  fluid  on  the  weight  of  the  brains  of  rats  nos. 
35  and  36  are  shown  in  table  3.  The  initial  increase  in  the  weight 
of  the  brains  was  not  very  large,  being  15  per  cent,  in  the  case  of 
the  brain  which  had  remained  in  the  solution  for  twenty  hours 
(rat  no.  35)  and  10  per  cent,  when  the  solution  acted  for  four 
hours  only  (rat  no.  36).  After  being  treated  with  70  per  cent,  alco- 
hol, these  brains  lost  a  comparatively  small  amount  (table  3), 
yet  the  fixation  of  the  cell  structures  in  the  cerebral  cortex  was 
not  as  good  as  that  obtained  by  fixation  with  other  corrosive 
sublimate  solutions  which  produce  a  much  greater  alteration  in 
the  brain  weight.  One  of  the  large  cells  from  the  cerebral  cortex 
of  the  brain  of  rat  no.  35  is  shown  in  fig.  1 1 .  The  nuclear  reticulum 
is  well  preserved  and  stains  very  clearly;  but  in  many  cells  the 
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nucleus  itself  is  slightly  swollen,  although  it  retains  its  rounded 
form.  The  cell  body  is  contracted  and  the  greater  part  of  the  cyto- 
plasm is  condensed  around  the  nucleus. 

The  subl'mate-osmic-acetic  mixture  of  Cox  C98),  which  was 
used  as  a  fixative  for  the  brains  of  rats  nos.  47  and  48,  produces  a 
much  greater  increase  in  the  brain  weight  if  it  is  allowed  to  act 
for  three  days  than  if  the  brain  is  removed  from  the  solution  at 
the  end  of  two  days  (table  3).  The  brain  of  rat  no.  48  was  the 
only  one  fixed  in  a  solution  containing  corrosive  sublimate  that 


TABLES 


RAT 
NO. 


SOLUTIONS  U8BD  POR 
FIXATION 


WBIOBT  OP 
'  BSAIN  IN 
'  GRAMS  ON 
I  RSMOVAL 
PROM  PIXINO 
I     SOLUTION 


PSR  CENT. 
GAIN  OR 
LOSS  IN 
WBIQAT 


I   WRIGHT  OP 

BRAIN  IN     ! 

GRAMS  APTBR 

RBMAINING   ! 

IN  70%  ALCO-I 

HOL  FOR 

48  HOURS     I 


PBR  CBNT. 
GAIN  OR 
LOSS  IN 
WBIGHT 


1- 


39  Saturated  aqueous  sol.  HgCU  .  .|  2.0760 

40  Saturated  aqueous  sol.  HgCli  . .'  2.0229 
*29  Sublimate-acetic 1  1.8604 

42  NaCl  +  sublimate '  1.9927 

45  NaCl  -h  sublimate I  2. 1549 

♦35  Lang's  fluid 2.0670 

36  Lang's  fluid '  2.0429 

47  Sublimate-osmic-acetic 1 .9917 

48  Sublimate-osmic-acetic '  2. 1555 

41  Subliraate-fonnol 2.3315 

49  Sublimate-formol-acetic 1 .7687 

50  Sublimate-formol-acetic 1 .8944 


+  8 
+11 
+  5 
-h  7 
+16 
+15 
+10 
+  2 
+22 
+21 
-  2 
+  8 


1.4695 
1.4087 
1.4414 
1.3947 
1.5074 
1.6794 
1.7970 
1.5483 
1.8365 
1.6565 
1.5003 
1.5221 


-23 
-23 
-19 
-25 
-19 

-  7 

-  3 
-12 
+  4 
-H 
-17 
-13 


did  not  weigh  less  than  its  computed  fresh  weight  after  treatment 
with  alcohol.  Owing  to  the  presence  of  osmic  acid,  this  solution 
blackens  the  tissues  considerably  and  sections  must  be  bleached 
with  hydrogen  dioxide  before  they  can  be  stained  with  thionin. 
The  histological  effects  of  this  solution  on  the  brain  tissue  is 
somewhat  better  than  that  obtained  with  any  of  the  solutions 
of  corrosive  sublimate  previously  described.  Very  few  of  the 
large  cells  in  the  cerebral  cortex  show  any  signs  of  a  contraction 
of  the  cell  body  or  of  a  vacuolization  of  the  cytoplasm;  and  the 
nuclei  are  well  preserved  in  all  cases.    This  solution  does  not  give 
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a  uniform  fixation  of  the  cell  structures,  however,  and  therefore 
it  is  not  the  best  solution  that  can  be  selected  for  the  preservation 
of  brain  tissue. 

Other  corrosive  sublimate  solutions  used  in  the  course  of  these 
experiments  contained  various  amounts  of  formaldehyde,  and 
their  action  on  the  weight  of  the  brain  of  the  rat  as  well  as  on  the 
structure  of  the  cells  in  the  cerebral  cortex  have  already  been 
noted.  All  of  the  corrosive  sublimate  solutions  that  were  used 
give  a  very  good  fixation  of  the  nuclei  in  the  large  cells  of  the  cere- 
bral cortex;  but  they  have  a  tendency  to  produce  a  vacuoliza- 
tion in  the  cytoplasm,  and  so  do  not  give  a  fixation  of  the  cell 
body  at  all  comparable  to  that  of  the  nucleus. 

The  effects  of  various  corrosive  sublimate  solutions  on  the  weight 
of  the  brain  of  the  albino  rat  are  shown  in  table  3. 

For  comparative  purposes  the  brains  of  two  rats  (nos.  26  and  28) 
were  fixed  in  alcohol,  although  this  fluid  is  very  little  used  at  the 
present  time  for  cytological  work  unless  one  is  employing  the 
technique  used  to  bring  out  the  so-called  ''Nissl  substance '' 
in  the  cytoplasm  of  the  nerve  cells  The  effects  of  this  mode  of 
fixation  on  the  weight  of  the  brain  of  the  albino  rat  are  shown  in 
table  4. 


BAT 
NO. 


BOLUnONS  U8BD  rOR 
nXATION 


TABLE  4 


I  wsiOHT  or 

BRAIN  IN 
GRAMS  ON     , 
I      REMOVAL 
IfROM  FIXING] 
SOLUTION 


PBB  CENT. 
GAIN  OR 
LOSS  IN 
WEIGHT 


I   WEIGHT  OP 
I      BRAIN  IN 
jGRAMS  AFTSRi 
I  REMAINING 
IN  70%  ALCO- 
HOL FOR 
48  HOURS 


PER  CENT. 
GAIN  OR 
LOSS  IN 
WEIGHT 


*26  !  Alcohol  (30%) 
28    Alcohol  (95%) 

30  Carnoy's  fluid 

31  Carnoy's  fluid 
*34     Carnoy's  fluid 


1.7753 
1.4418 
1.8192 
1.7575 
1.7416 


-  0 
-22 

-  2 

-  3 

-  2 


1.6201 
1.4611 
1.4077 
1.3042 
1.3110 


-  9 
-21 
-24 
-23 

-28 


As  shown  in  the  above  table,  there  is  less  initial  loss  in  weight 
when  the  brain  of  a  rat  is  fixed  in  weak  alcohol  than  when  strong 
alcouol  is  used.    These  results  accord  with  those  that  Donaldson 
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obtained  by  preserving  brains  of  shee^  in  alcohols  of  diflferent 
strengths.  Practically  the  same  cytological  changes  are  pro- 
duced in  the  brain  by  fixation  in  alcohol,  whether  a  strong  or  a 
weak  solution  has  been  employed.  As  shown  in  fig.  10,  which  is 
a  drawing  of  one  of  the  large  cells  in  the  cortex  of  the  brain  which 
was  fixed  in  30  per  cent,  alcohol,  this  mode  of  fixation  causes  a 
very  slight  shrinkage  of  the  cell  body  as  compared  with  that  pro- 
duced by  a  2^  per  cent  solution  of  bichromate  of  potassium. 
The  nucleus,  however,  is  very  greatly  contracted  and  it  is  sur- 
rounded by  a  fluid  vacuole.  The  cytoplasm  appears  uniformly 
distributed  throughout  the  rest  of  the  cell  body  although  it  stains 
more  deeply  in  some  regions  than  in  others. 

The  solution  most  in  vogue  at  the  present  time  for  the  fixation 
of  the  cell  structures  in  the  central  nervous  system  of  the  verte- 
brates is  the  chloroform-alcohol-acetic  mixture  devised  by  Camoy 
('87),  which  is  known  to  many  neurologists  under  the  name  of 
van  Gehuchten's  ('88)  fluid.  This  solution  was  used  as  a  fixative 
for  the  brains  of  three  rats  (nos.  30,  31,  34).  Although  acting 
on  these  brains  for  different  lengths  of  time,  the  solution  produced 
about  the  same  alterations  in  the  brain  weight  (table  4)  and  in  the 
structure  of  the  cells  of  the  cerebral  cortex  in  all  three  cases. 
The  initial  loss  in  the  weight  of  a  brain  as  a  result  of  fixation  by 
this  solution  is  very  slight,  varying  from  2  per  cent,  to  3  per  cent, 
in  different  cases;  subsequently  the  brain  loses  from  23  per  cent, 
to  28  per  cent,  of  its  computed  fresh  weight  when  brought  into 
70  per  cent,  alcohol.  The  histological  action  of  Camoy's  fluid 
on  the  cell  structures  in  the  cerebrlal  cortex  of  the  brain  of  the  rat 
is  shown  in  fig.  13.  The  cell  has  seemingly  retained  its  normal 
size  and  shape  and  the  cytoplasm  appears  uniformly  distributed. 
The  nucleus,  however,  is  somewhat  swollen;  yet  it  has  retained 
its  rounded  form,  and  the  nuclear  reticulum  is  well  preserved  and 
stains  sharply.  Camoy's  solution  does  not  give  quite  as  good  a 
fixation  of  the  cell  structures  in  the  cerebral  cortex  as  can  be  ob- 
tained with  other  fluids,  especially  with  the  Ohlmacher  solution 
described  below. 

Of  all  of  the  various  fluids  that  were  used  as  fixatives  of  the 
brain  of  the  albino  rat,  the  solution  of  Camoy  as  modified  by 
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Ohlmacher  ('97)  gave  the  best  preparations  for  a  study  of  the 
size  and  structure  of  the  cells  in  the  cerebral  cortex.  Table  5 
shows  the  effects  of  this  solution,  acting  for  various  lengths  of 
time,  on  the  weight  of  the  brains  of  different  individuals. 


TABLES 


WXIGHT  OP  BRAIN 

WEIGHT  OP  BRAIN 

RAT  NO. 

LSNOTH  or 

TtUm  IN  HOUB8 

•OLUnOH 

IN  ORAin  ON 

RRMOVAL  PROM 

TH»  FIXING 

PBB  CBNT.  LOaS 
IN  WBIQHT 

IN  GRAMS  AFTBR 

RBMAINING  IN  70% 

ALCOHOL  POR  48 

PER  CBNT.  LOSS 
IN  WBIOHT 

▲CTSD 

SOLUTION 

HOURS 

11 

6 

1.8267 

-  8 

1.6248 

-18 

6 

5 

1.6100 

-12 

1.4471 

-22 

13 

4 

1.5787 

-17 

1.4498 

-25 

14 

3 

1.5458 

-16 

1.4633 

-20 

15 

3 

1.3978 

-16 

1.3099 

-21 

16 

3 

1.4590 

-18 

1.4000 

-21 

♦17 

3 

1.6390 

-11 

1.4875 

-20 

7 

2 

1.7389 

-  2 

1.4099 

-21 

12 

2 

1.6924 

-10 

1.5748 

-16 

21 

2 

0.2489 

-14 

0.2011 

-30 

20 

1 

0.2523 

-16 

0.2074 

-31 

In  this,  as  in  other  series  of  experiments,  brains  of  various  indi- 
viduals reacted  differently  although  subjected  to  the  same  course 
of  treatment.  These  variations  in  the  results  can  doubtless  be 
attributed,  in  great  part,  to  differences  in  the  size  of  the  brains 
and  to  the  physical  condition  of  the  animals  at  the  time  that  they 
were  killed.  There  is  no  swelling  of  the  brain  after  fixation  in 
Ohlmacher 's  solution;  on  the  contrary,  there  is  a  loss  of  about  15 
per  cent,  in  the  weight  of  the  brain  of  an  adult  rat  as  a  direct 
result  of  the  fixation,  which  is  followed  by  a  further  loss  of  about 
5  per  cent,  after  the  brain  has  been  brought  into  70  per  cent, 
alcohol.  The  alterations  produced  in  the  brain  weight  are  practi- 
cally the  same  whether  the  brain  remains  for  two  or  for  six  hours 
in  the  solution. 

In  order  to  ascertain  whether  Ohlmacher^s  solution  would  give 
as  satisfactory  preparations  of  the  brains  of  young  as  of  adult 
individuals,  the  brains  of  two  rats  (nos.  20  and  21),  killed  when 
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they  were  about  forty-eight  hours  old,  were  fixed  m  this  fluid. 
Each  brain  had  lost  about  15  per  cent,  in  weight  on  removal  from 
the  solution.  This  loss  in  weight  was  subsequently  increased  to 
about  30  per  cent,  after  the  brains  had  been  treated  with  70  per 
cent,  alcohol.  The  fact  that  the  brains  of  young  individuals 
lose  more  weight  than  do  those  of  adults  after  fixation  with  Ohl- 
macher's  solution  is  doubtless  to  be  attributed,  in  part  at  least, 
to  the  differences  in  the  percentage  of  water  in  the  brain  tissue  of 
rats  of  different  ages.  The  brain  of  a  very  young  rat  contains 
about  10  per  cent,  more  water  than  does  that  of  an  adult  animal 
(Donaldson),  and  the  replacement  of  this  larger  amount  of  water 
by  alcohol  would  necessiarily  produce  a  greater  alteration  in  the 
brain  weight. 

In  brains  of  young  rats,  as  well  as  in  those  of  adults,  there  is 
such  a  uniform  shrinkage  of  the  brain  substance  after  fixation  with 
Ohlmacher's  solution  that  only  very  slight  traces  of  it  can  be 
detected  on  examining  prepared  sections  of  brains  that  have  been 
properly  imbedded.  That  the  method  of  imbedding  that  has  been 
employed  can  produce  marked  alterations  in  the  cell  structures 
of  tissues  that  have  been  well  fixed  is  shown  by  a  comparison  of 
figs.  14  and  15.  These  drawings  are  of  cells  in  the  cerebral  cor- 
tex of  different  halves  of  the  same  brain  (rat  no.  17)  that  were 
imbedded  in  different  ways.  When  a  brain  that  has  been  fixed 
in  Ohlmacher's  solution  is  imbedded  in  paraffine  after  being  cleared 
with  chloroform  or  with  any  of  the  other  substances  conamonly 
used  for  this  purpose,  there  is  invariably  a  shrinkage  of  the  cell 
body,  as  shown  in  fig.  14,  and  a  condensation  or  vacujolization  of 
the  cytoplasm.  If,  however,  the  brain  is  imbedded  in  celloidin  or 
in  celloidin-paraffine,  the  large  cells  in  the  cerebral  cortex  have 
the  appearance  of  the  cell  shown  in  fig.  15.  There  is  no  shrinkage 
evident  anywhere  in  the  cell.  The  cell  outlines  are  regular  and 
the  protoplasmic  processes  stand  out  with  great  clearness;  the 
cytoplasm  is  uniform  in  appearance  and  evenly  distributed 
throughout  the  cell.  The  nucleus  always  maintains  its  normal 
relations  with  the  cell  body  and  its  contents  are  well  preserved 
and  stain  very  sharply. 
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According  to  Ohlmacher,  this  solution  gives  an  adequate 
fixation  of  the  human  brain,  subdivided  by  Meynert's  section, 
in  twenty-four  hours.  It  seems  probable,  therefore,  that  this 
method  of  fixation  would  give  satisfactory  preparations  of  the 
brain  of  any  mammal  if  allowed  to  act  for  the  proper  length  of 
time.  There  seems  to  be  no  disadvantage  whatever  connected 
with  the  use  of  this  solution  as  a  fixative  of  brain  tissue,  imless 
it  be  the  cost  of  the  ingredients  of  which  the  solution  is  composed. 


TABLE  c 
Summary  of  Data  Collected 


1  '  d^     277     219 

2  I  d^     163     196 

3  9   '  158     199 

4  !   9   :  129  i  183 

5  I   9      164  ,  188 


c^     187     198 
9      137  I  184 

I 
d^  1  160     190 


10  ^d^ 

11  cT 


12 
13 
14 
15 
16 
17 
18 
19 
20 


170  197 

182  186 

275  228 

206  207 

228  210 

169  194 

126  157 

;  158  181 

I  232  199 

I  111  154 

■  106  159 

6 


1.94  4%  Formaldehyde.  48 

1.83  4%  Formaldehyde.  48 
1.85  Formol-Muller 

(cold) 20 

1.78  4%  Formaldehyde.  48 
1.80  Formol-Muller 

(warm) 1  3 

1.85  Ohlmacher 5 

1.78  Ohlmacher 2 

fZenker !  6 

\Muller I  48 

fDahlgren 4 

\Mtiller 48 

1.79  jPicro-formol  4 

1.98  Ohlmacher 6 

1.88  Ohlmacher 2 

1.90  Ohlmacher 4 

1.83  Ohlmacher...  3 

1.65  Ohlmacher 3 

1.77  Ohlmacher 3 

1.85  Ohlmacher 3 

1.63  Zenker-formol   ....  li 

1.66  Zenker  (modified)..  1} 
0.30  Ohlmacher 1 


1.81 


1.84 


2.5750 
2.8200 

2.2437 

2.6778 


1.7881 
1.8267 
1.6924 
1.5787 
1.5458 
1.3978 
1.4590 
1.6390 
1.6040 
1.7451 
0.2523 


+33 

-1-54 

+21 
-h50 


2.1880  -h22 
1.6100  -12 
1.7389  j  -  2 
1.8716     -h  3 


1.5706  -19 

1.6463  I  -10 

1.5537  -16 

1.6577  -  7 


1.8711  4-  4 

1.4471  -22 

1.4099  -21 

1.6666  -  8 


1.9000  '  +  3  1.7273  -  7 


-  0 

-  8 
-10 
-17 
-16 
-16 
-18 
-11 

-  2 
-h  5 
-16 


1.4663 
1.6248 
1.5748 


1.4498 
1.4633 
1.3099 
1.4000 
1.4875 
1  3297 
1.3167 
0  2074 


-18 
-18 
-16 
-25 
-20 
-21 
-21 
-20 
-18 
-21 
-31 
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TABLE  ft— Continued 


1^ 

2  o 


2m 

2a 

o  « 

2  H 


,2  ► 


2« 
o  o 


s 

& 
o 

Ho 
H 

z  < 


?  O  h 


so 

«  ^ 


n 


o 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


6 

I  108 

I  88 

I  162 

'  190 

174 

168 

221 

151 

213 

181 

141 

165 

149 

167 

208 

173 

!  197 

259 

177 

265 

213 

213 

137 

196 

;  135 


156 
163 
187 
207 
184 
191 
198 
184 
202 
194 
178 
191 
184 
189 
203 
194 
201 
214 
195 
216 
203 
204 
177 
200 
179 


141  I  179 
150  !  182 
171  j  192 
137  178 


0.29 
1.64 
1.68 
1.79 
1.88 
1.78 
1.81 
1.85 
1.78 
1.86 
1.82 
1.75 
1.81 
1.77 
1.80 
1.86 
1.82 
1.86 
1.92 
1.83 
1.92 
1.86 
1.86 
1.74 
1.85 
1.75 
1.75 
1.76 
1.81 
1.75 


Ohlmacher i    2 


2i%K,CrA 

2i%K2Cr,07 

Alcohol  KjCriOj... 
Alcohol  KjCfjOt... 


48 
48 
48 
48 


Weak  alcohol |  27 

Alcohol-f ormol 24 

95%Alcohol ,  24 

Sublimate-acetic . . .  |    li 

Camoy's  fluid 3 

Carnoy's  fluid 4 

Graf  (5%  formalin),    2i 
Graf  (10%  formalin)     li 

Carnoy's  fluid |  19 

Lang'sfluid i  20 

Lang's  fluid ,    4 

Marina's  fluid i  72 

Marina's  fluid I  96 

Cor.  sublimate '    4 

Cor.  sublimate I  20 

Sublimate-f ormol  .t    4 
NaCl  -h  sublimate.'    4 

Tellyesniczky j  48 

Tellyesniczky 24 

20 
20 


NaCl  +  sublimate. 
Sublimate-f  ormol . . 

Cox  (osmic) 48 

Cox  (osmic) I  72 

Cox  (f  ormol -acetic)  48 
Cox  (formol-acetic)  72 


0.2489 
2.8445 
2.5594 
2.5073 
2.8169 
1.7753 
1.6392 
1.4418 
1.8604 
1.8192 
1.7575 
2.1520 
1.9283 
1.7416 
2.0670 
2.0429 
1.2219 
1.2146 
2.0760 
2.0229 
2.3315 
1.9927 
1.9643 
1.7981 
2.1549 
2.0512 
1.9917 
2.1555 
1.7687 
1.8944 


-14 

-h73 
-h52 
4-40 
+50 
-00 
-10 
-22 
+  5 
-h  2 

-  3 
4-23 
+  7 

-  2 
+15 
+10 
-33 
-35 
+  8 
+  11 
+21 
+  7 
+  6 
+  3 
+16 
+17 
+  2 
+22 

-  2 
+  8 


0.2011 
2.1409 
1.7518 
1.8885 
2.1797 
1.6201 
1.5147 
1.4611 
1.4484 
1.4077 
1.3042 
1.7421 
1.5994 
1.3110 
1.6794 
1.7970 
1.2913 
1.2546 
1.4695 
1.4087 
1.6565 
1.3947 
1.6372 
1.4906 
1.5074 
1.3687 
1.5483 
1.8365 
1.5003 
1.5221 


-30 
+31 
+  4 
+  6 
+16 

-  9 
-16 
-21 
-19 
-24 
-23 
-00 
-12 
-28 

-  7 

-  3 
-29 
-33 
-23 
-23 
-14 
-25 
-12 
-14 
-19 
-22 
-12 
+  4 
-17 
-13 
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B.    A  METHOD    OF    PREFARING   THE    BRAIN    OF   THE    ALBINO  RAT 
FOR  A    STUDY  OF  THE    CELLS    IN   THE    CEREBRAL    CORTEX 

Experience  has  shown  that  considerable  time  is  often  constimed 
in  adapting  a  general  method  of  preparation  to  the  particular 
material  with  which  one  is  working,  and  that  in  many  cases  com- 
paratively slight  variations  in  the  lengths  of  time  different  fluids 
act  on  the  tissues  produce  marked  structural  effects.  For  these 
reasons  it  has  been  thought  advisable  to  give  in  detail  a  method  of 
preparing  the  brain  of  the  rat  which  produces  satisfactory  pre- 
parations for  a  study  of  the  cells  in  the  cerebral  cortex,  although 
in  this  method  there  is  very  little  that  is  new.  This  method  should 
give  equally  good  preparations  of  the  brain  of  any  other  small 
mammal,  and  it  would  doubtless  be  applicable  also  to  small  pieces 
of  the  brain  of  any  of  the  larger  animals. 

For  fixation  the  solution  devised  by  Ohlmacher  (^97)  is  used. 
This  solution  is  made  as  follows : 

Absolute  alcohol 80  parts 

Chloroform 16  parts 

Glacial  acetic  acid 5  parts 

Corrosive  sublimate  to  saturation  (about  20  per  cent.) 

As  the  corrosive  sublimate  dissolves  rather  slowly,  it  is  neces- 
sary to  make  up  the  solution  a  few  days  before  it  is  required  for 
use. 

Brains  of  adult  rats  are  well  fixed  after,  being  subjected  to  the 
action  of  this  solution  for  three  hours :  for  the  fixation  of  the  brains 
of  very  young  individuals  an  inamerfeion  of  two  hour's  in  the  liquid 
is  sufficient.  On  removal  from  the  solution  the  brain  is  placed  in 
85  per  cent,  alcohol,  where  it  remains  for  about  one  hour.  It  is 
then  transferred  into  iodized  70'per  cent,  alcohol,  where  it  is  kept 
until  the  corrosive  sublimate  has  been  extracted  from  the  tissues. 
This  latter  process  requires  at  least  twenty-four  hours,  and  if  the 
brain  has  not  been  subdivided  it  is  necessary  to  renew  the  liquid 
and  keep  the  brain  in  it  for  two  or  three  days.  The  brain  is  then 
brought  into  80  per  cent  alcohol  where  it  can  remain  as  long  as 
necessary.    It  is  advisable  to  imbed  the  material  as  soon  as  pos- 
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sible,  since  long  immersion  in  alcohol  is  injurious  to  any  tissue  and 
greatly  lessens  it  staining  powers. 

For  imbedding  the  celloidin-paraffine  method  of  Bodeker  ('08) 
gives  quite  as  satisfactory  preparations  of  brain  tissue  as  does 
celloidin,  and  it  has  the  great  advantage  of  imbedding  this  material 
so  that  it  can  readily  be  cut  in  very  thin  serial  sections,  which  can 
subsequently  be  treated  as  if  paraffine  alone  had  been  the  imbed- 
ding medium.  The  directions  for  this  method  as  given  by  Bodeker 
are  rather  general,  and  the  method  as  finally  adapted  to  the 
brain  of  the  rat  is  as  follows :  From  80  per  cent,  alcohol  the  brain 
is  passed  through  95  per  cent,  alcohol,  absolute  alcohol,  and  ether- 
alcohol,  remaining  in  each  solution  for  twenty-four  hours.  It 
is  then  transferred  into  2  per  cent,  celloidin  where  it  is  left  for 
two  or  for  three  days,  depending  on  the  size  of  the  brain.  After 
six  hours  inamersion  in  chloroform  the  brain  is  put  into  benzole 
for  one  hour,  and  is  then  carried  over  into  benzole  saturated  with 
soft  paraffine  where  it  remains  eighteen  hours.  In  order  to  facili- 
tate the  penetration  of  this  solution  into  the  brain  tissue  it  is  advis- 
able to  keep  the  liquid  slightly  warm  (about  35®C.)  The  brain 
is  then  placed  in  melted  soft  paraffine  (melting  point  about  45°C.), 
which  is  kept  just  above  the  melting  point  for  the  three  hours  that 
the  brain  remains  in  it.  Subsequently  the  brain  is  brought  into 
melted  hard  paraffine  (melting  point  about  54*^0.),  which  must  be 
kept  as  near  the  melting  point  as  possible  since  heat  is  very  in- 
injurious  to  brain  tissue.  After  remaining  in  the  hard  paraffine 
for  two  hours  the  brain  is  ready  to  imbed  in  hard  paraffine. 
Brains  thus  prepared  can  be  cut  with  a  Minot  microtome  into 
serial  sections  which  can  be  made  as  thin  as  5m  if  desired. 

The  sections  are  mounted  in  the  usual  way  with  albmnen  fixa- 
tive and  the  paraffine  removed  with  xylol.  In  further  treatment 
one  must  avoid  the  use  of  absolute  alcohol,  as  this  substance  tends 
to  loosen  the  sections  from  the  slide.  In  place  of  absolute  alcohol 
a  mixture  composed  of  equal  parts  of  chloroform  and  of  absolute 
alcohol  can  be  used  with  safety.  After  passing  through  the  var- 
ious grades  of  alcohol  into  distilled  water  the  mounted  sections 
are  stained  for  two  or  three  minutes  in  a  1  per  cent,  solution  of 
carbolic  acid  saturated  with  thionin.    They  are  then  washed  for  a 
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moment  with  distilled  water  and  differentiated  in  95  per  cent, 
alcohol.  The  process  of  differentiation  can  be  watched  imder  a 
microscope,  as  it  does  not  take  place  very  rapidly.  If  a  counter- 
stain  is  desired  a  small  amount  of  eosin  can  be  added  to  the  alco- 
hol ip  which  the  sections  are  differentiated.  The  slides  are  then 
passed  quickly  through  the  chloroform-  alcohol  mixture  into  xylol, 
and  the  sections  are  finally  mounted  in  Canada  balsam. 

Although  thionin  is  known  to  be  an  excellent  stain  for  cyto- 
logical  purposes,  it  is  Uttle  used  when  preparations  are  to  be  kept 
for  any  length  of  time,  as  it  fades  rapidly  if  used  in  an  aqueous 
solution.  As  a  stain  for  the  cell  structures  in  the  cerebral  cortex  of 
the  brain  of  the  rat,  thionin  has  been  found  to  act  more  energeti- 
cally and  to  give  somewhat  sharper  outlines  when  dissolved  in  a 
weak  solution  of  carboUc  acid  than  when  used  in  an  aqueous  solu- 
tion. In  order  to  test  the  permanency  of  the  stain,  prepared  slides 
were  exposed  for  three  months  on  a  well  lighted  laboratory 
table.  At  the  end  of  this  time  the  sections  were  somewhat  faded, 
but  structural  details  could  still  readily  be  made  out.  Other 
slides  similarly  stained  have  been  kept  for  over  a  year  in  slide 
boxes  and  the  sections  do  not  appear  to  have  faded  in  the  slightest 
degree.  If  the  sections  are  not  exposed  to  the  light  unnecessarily, 
it  is  probable  that  the  stain  will  be  as  permanent  as  that  given 
by  the  great  majority  of  the  anilin  dyes. 

Accepted  by  The  Wlstar  iDstltute  of  AnAtomy  and  Biology,  March  30.  1910.    Printed  June  28.  1910. 
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EXPLANATION  OF  FIGURES 

All  figures  were  drawn  with  the  aid  of  a  camera  lucida  under  a  Zeiss  apoc.  1 .5  mm 
obj . ;  oc.  8.   They  have  been  reduced  to  give  a  magnification  of  about  800  diameters' 

1.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  1)  imbedded  in  celloidin  after 
fixation  in  4  per  cent  formaldehyde. 

2.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  1)  imbedded  in  paraffine  after 
fixation  in  4  per  cent  formaldehyde. 

3.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  27)  imbedded  in  celloidin- 
parafSne  after  fixation  in  alcohol-formol. 

4.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  38)  imbedded  in  celloidin- 
parafline  after  fixation  in  Marina's  fluid. 

5.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  32)  imbedded  in  celloidin- 
paraffine  after  fixation  in  the  picro-formol  solution  of  Graf. 

6.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  23)  imbedded  in  celloidin- 
paraffine  after  fixation  in  a  2J  per  cent  solution  of  bichromate  of  potassium. 

7.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  24)  imbedded  in  celloidin- 
paraffine  after  fixation  in  alcohol-bichromate  of  potassium. 

8.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  8)  imbedded  in  celloidin  after 
fixation  in  Zenker's  fluid  followed  by  hardening  in  MtiUer's  fluid. 

9.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  9)  imbedded  in  celloidin  after 
fixation  in  Dahlgren's  fluid  followed  by  hardening  in  Mtiller's  fluid. 

10.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  26)  imbedded  in  celloidin- 
paraffine  after  fixation  in  30  per  cent  alcohol. 

11.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  35)  imbedded  in  celloidin- 
paraffine  after  fixation  in  the  fluid  of  Lang. 

12.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  29)  imbedded  in  celloidin- 
paraffine  after  fixation  in  sublimate-acetic. 

13.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  34)  imbedded  in  celloidin- 
paraffinc  after  fixation  in  Camoy's  fluid. 

14.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  17)  inbedded  in  paraffine  after 
fixation  in  Ohlmacher's  solution. 

15.  Cell  from  the  cerebral  cortex  of  a  brain  (rat  no.  17)  imbedded  in  celloidin- 
paraffine  after  fixation  in  Ohlmacher's  solution. 
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THE  CORTICO-SPIXAL  TRACT  OF  THE  RAT^ 

JESSIE  L.  KING 
From  the  Physiological  Lafwratory,  Cornell  University ,  Ithaca,  N.  K. 

WITH  TEN  FIGURES 

The  pyramid  tract  fibers,  carrying  impulses  from  the  motor 
cortex  of  the  brain,  have  been  the  subject  of  much  investigation 
both  in  man  and  animals  but  an  interesting  v^ariation  in  their 
course  in  some  rodents  seemed  worthy  of  study  by  the  most 
approved  method  for  tract  work. 

The  earliest  observations  of  its  relations  in  rodents  were  made 
more  than  half  a  century  ago  by  Ludwig  Stieda.  In  his  report 
of  work  on  the  brain  of  the  mouse,  he  stated  that  the  pyramids 
decussate  into  the  posterior  columns  instead  of  the  lateral  as  is 
usually  the  case  and  one  of  his  figures  through  the  decussation 
shows  a  decidedly  X-shaped  arrangement  of  the  fibers. 

Later  Spitzka  made  a  more  extensive  study  on  the  *' Compara- 
tive anatomy  of  the  pyramidal  tract"  in  which  he  mentions  that 
in  muridse  and  in  cavia  (less  pronounced)  the  pyramids  decussate 
into  the  posterior  columns.  He  does  not  indicate  the  method  used 
but  speaks  of  having  had  a  series  of  transverse  sections  of  a  rat's 
brain  prepared  with  especial  reference  to  this  inquiry. 

The  methods  used  by  these  investigators  were  inadequate  for 
tracing  tract  fibers  with  accuracy  and  the  use  of  the  embryological 
method  of  Fleichsig  was  a  decided  step  in  advance.  In  1889 
von  Lenhoss^k  employed  it  on  the  mouse  and  guinea-pig,  describ- 


*  After  going  to  press  I  found  a  paper  by  Van  der  Vlort  in  AruitomischeT 
Ameigetf  Band,  xxix,  p.  113,  Ueber  den  Verlauf  der  Pyramidenbahn  bei 
niederen  Saugetieren  in  which  the  pyramidal  system  of  the  rat  is  investigated. 
His  results  and  mine  are  in  close  agreement. 
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ing  and  illustrating  the  pyramid  tract  in  the  cervical,  dorsal  and 
lumbar  regions  of  the  cord.  A  little  later  Von  Bechterew  used 
the  same  method  on  the  rat  and  guinea-pig.  His  paper  gives  a 
very  brief  description  and  his  results  are  similar  to  those  of  Von 
Lenhoss6k  on  the  two  rodents  he  examined.  He  mentions  the 
well  developed  pyramid  tract  of  the  rat  and  says  that  the  nature 
of  the  decussation  is  apparent  from  a  naked  eye  examination  of 
an  adult  brain.  Ziehen  summarized  the  work  done  on  rodents 
in  his  ^'Nerven system''  giving  references  to  the  literature.  In 
1909,  Miss  Reveley,  workirg  in  the  laboratory  here  and  using  the 
method  of  secondary  degeneration  with  Marchi  staining  on  the 
guinea-pig,  confirmed  in  part  the  results  of  these  early  workers. 
This  latter  niethod  is  recognized  as  the  most  accurate  for  such 
investigations.  It  has  the  advantage  of  giving  positive  instead 
of  negative  pictures  and  not  only  can  the  limits  of  a  tract  be  defi- 
nitely made  out  in  section  but,  as  in  the  decussation,  individual 
fibers  can  be  traced.  I,  therefore,  selected  it  for  my  study  of 
the  pyramid  tract  in  the  albino  rat.  The  work  was  done  under 
Professor  Simpson's  direction,  to  whom  I  am  indebted  for  many 
suggestions. 

METHOD  OF  INVESTIGATION 

This  consisted  in  removing  the  cerebral  motor  cortex  on  one 
side  and  tracing  the  resulting  Wallerian  degeneration  by  the 
Marchi  method. 

The  operations  were  performed  under  complete  ether  anaesthesia 
and  with  strict  antiseptic  or  aseptic  precautions.  The  cerebral 
cortex  was  exposed  on  one  side  and  an  attempt  was  made  to  local- 
ize the  motor  cortex  by  electrical  stimulation  using  both  the  uni- 
polar and  bipolar  methods.  On  account  of  the  small  size  of  the 
brain,  however,  the  results  obtained  were  not  constant  and  there- 
fore unsatisfactory,  and  lesions  were  made  by  scraping  away  and 
cauterising  the  gray  matter  on  the  lateral  aspect  of  the  anterior 
half  of  the  hemisphere,  extending  over  the  superior  border  onto 
the  mesial  aspect  to  some  extent,  so  as  to  include  the  area  from 
which  the  pyramid  fibres  take  origin.    The  lesion  in  every  case 
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was  probably  more  extensive  than  the  motor  cortex  but  smce  the 
cortico-spinal  fibres  mainly  were  imder  investigation,  this  fact 
is  not  of  material  importance. 

Eight  animals  were  experimented  upon.  They  were  allowed 
to  live  from  ten  to  fourteen  days  after  the  operation  and  then  killed 
with  chloroform.  The  brain  and  spinal  cord  were  removed, 
placed  in  a  3  per  cent  solution  of  potassium  bichromate,  and  at 
the  end  of  three  weeks  segments  from  different  levels  were  stained 
by  van  Gehuchten's  modification  of  the  Marchi  method  and  then 
imbedded  and  cut  in  paraflin.  Before  the  brain  was  sliced  into 
segments,  photographs  were  taken  showing  the  extent  of  the 
lesion. 

DESCRIPTION  OF  SECTIONS 

Nearly  all  of  the  sections  drawn  are  from  the  brain  and  cord 
of  one  rat  having  a  small  lesion  but  in  every  case  the  degener- 
ated area  is  the  same  as  in  subjects  having  more  extensive  brain 
lesions. 

The  fibers  of  the  pyramid  tract  descend  in  the  internal  capsule 
and  form,  to  a  large  extent,  the  crusta  of  the  mid-brain.  In  the 
section  taken  at  this  level  (fig.  1)  the  degenerated  area  occupies 
a  little  more  than  the  mesial  half  of  the  crusta  but  there  are  a 
few  scattered  fibers  in  the  lateral  portion.  No  fibers  can  be  seen 
to  pass  backward  from  the  crusta  as  are  foimd  in  the  cat  and  dog 
and  the  degeneration  is  confined  to  the  side  of  the  lesion. 

In  the  middle  region  of  the  pons  (fig.  2),  the  whole  mass  of  the 
pyramid  bundles  is  uniformly  degenerated.  On  the  anterior 
aspect  of  these  bundles  some  fine  degeneration  is  visible  among 
the  cells  of  the  nuclei  pontis.  Still  farther  posteriorly  (fig.  3) 
the  transverse  fibers  of  the  pons  break  up  the  tract  into  bundles 
flattened  antero-posteriorly  which  on  the  lesion  side  are  exten- 
sively degenerated. 

Still  lower,  just  at  the  beginning  of  the  decussation,  (fig.  4)  the 
anterior  pyramid  in  transverse  section  presents  an  area  through- 
out which  the  degenerated  fibers  are  uniformly  scattered.  The 
decussation  begins  at  the  level  of  a  group  of  cells  representing 


Digitized  by 


Google 


248 


JESSIE    L.   KING 


probably  the  inferior  olivary  nucleus.  The  fibers  pass  backward 
in  separate  small  bundles  at  an  acute  angle  to  the  raphe.  They 
intermingle  in  crossing  with  those  of  the  other  (sound)  side  and 
passing  through  the  grey  matter,  terminate  in  the  base  of  the 
funiculus  cimeatus.  In  passing  downward  (fig.  5),  the  decussat- 
ing bundles  become  larger  and  larger  following  the  course  above 
described.  One  biyidle  of  fibers  becomes  lost  in  the  grey  matter 
of  the  dorsal  horn  and  a  single  isolated  bundle  was  observed  to 


Fig.  1.    T.  S.  Mid-brain  at  the  level  of  the  third  nerve.     X  5  diam.    The  dotted 
area  in  this  and  the  following  figures  shows  the  extent  of  the  degeneration. 

Fig.  2.    T.  S.  Mid-pons.  X  5  diam. 

Fig.  3.    T.  S.    Lower  pons.  X  5  diam. 

pass  backward  more  laterally  than  the  others  and  after  tu^ng 
downward,  to  terminate  in  the  grey  matter.  At  the  lowermost 
portion  of  the  medulla  (fig.  6),  the  fibers  of  the  pyramid  tract 
occupy  the  anterior  angle  of  the  funiculus  cuneatus,  the  lower 
part  being  separated  from  the  fibers  of  the  opposite  side  by  the 
posterior  median  septum.  No  degenerated  fibers  are  observ^ed 
to  pass  to  the  posterior  column  of  the  same  side,  all  cross  the 
raphe. 
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In  the  cervical  region  of  the  cord  (fig.  7),  the  area  of  degenera- 
tion is  strictly  confined  to  the  column  of  Burdach;  all  the  fibers 
hav^  crossed  and  there  is  no  degeneration  on  the  side  of  the  lesion 
and  no  degenerated  fibers  can  be  traced  into  the  grey  matter. 
The  dorsal,  lumbar,  and  sacral  regions  (figs.  8,  9,  and  10)  show  no 
differences  of  significance  from  the  cervical  region  except  in  the 
gradual  decrease  of  the  number  of  fibers  making  ud  the  tract.  In 
the  lower  sacral  region  they  completely  disappear. 


F»g.  4.    T.  S.  Medulla  oblongata  at  the  beginning  of  the  decussation.  X  6  diam. 
Fig.  5.     T.  S.  Medulla  oblongata  at  the  middle  of  the  decussation.  X  6  diam. 
Fig.  6.     T.  S.  Medulla  oblongata  near  the  end  of  the  decussation.  X  6  diam. 

In  order  to  obtain  a  better  idea  of  the  relative  decrease  in  the 
number  of  pyramid  tract  fibers,  I  have  counted  those  degener- 
ated, both  coarse  and  fine,  in  the  medulla  above  the  level  of  the 
decussation  and  in  some  segments  of  the  cord  with  the  follow- 
ing results : 

F1DBE8 

Medulla  oblongata,  directly  above  the  decussation 901 

First  cervical  segment  directly  below  the  decussation 354 

Third  cervical 254 

Seventh  cervical 212 

Sixth  dorsal 169 

First  lumbar 155 

Fifthlumbar 82 

Uppersacral 71 
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According  to  these  numbers,  the  largest  proportion  of  fibers 
does  not  descend  below  the  medulla  and  must  therefore  end  in  its 
grey  matter. 

So  far  I  have  been  unsuccessful,  except  in  the  region  of  the  de- 
cussation referred  to  (fig.  4),  in  tracing  any  fibers  into  the  grey 
matter,  although  in  one  subject,  I  serialized  the  brain  below  the 
sub-thalamic  region  and  the  entire  cord,  while  in  all  of  the  others 
some  segments  of  the  cord  and  the  larger  part  of  the  medulla 
were  serialized. 


Fig.    7.  T.  S.  Lower  cervical  region.    X  10  diam. 

Fig.    8.  T.  S.  Mid-dorsal  region.  X  10  diam. 

Fig.    9.  T.  S.  Lower  lumbar  region.  X  10  diam. 

Fig.  10.  T.  S.  Sacral  region.  X  10  diam. 

CONCLUSION 

In  relation  to  the  difference  of  opinion  which  [exists  with 
regard  to  the  termination  of  the  pyramid  tract  fibers  in  the  grey 
matter  of  the  spinal  cord,  their  position  in  the  posterior  column 
is  sigi.ificant  and  would  appear  to  give  some  support  to  the  view 
held  l>y  Schafer  and  Von  Monakow  that  these  fibers  end  imme- 
diately in  relation  to  nerve  cells  situated  in  the  posterior  horn 
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and  that  the  functional  connection  with  the  large  multipolar 
cells  of  the  anterior  horn  is  established  through  an  interme- 
diate neuron.  To  be  sure  no  degenerated  fibers  could  be  traced 
into  the  grey  matter  but  this  is  not  difficult  to  understand  since 
the  Marchi  method  fails  as  soon  as  the  nerve  fiber  loses  its  myelin 
sheath. 

Another  point  of  interest  is  the  fact  that  the  decussation  is  com- 
plete. In  all  animals  in  which  the  crossed  pyramid  tract  runs  in 
the  lateral  column — rabbit,  cat,  dog,  monkey,  ape,  man — there 
exists  also  a  homolateral  tract  either  in  the  lateral  or  the  anterior 
column.  Tnis  appears  to  be  entirely  absent  in  the  rat.  When 
compared  with  the  cortico-spinal  tracts  in  the  rabbit,  cat,  and 
dog,  which  I  have  had  the  opportunity  of  examining  in  Marchi 
preparations  in  the  laboratory,  there  is  a  striking  paucity  of  fibers 
in  the  rat  so  that  in  this  animal  the  so-called  primary  motor  path 
is  probably  only  of  secondary  importance. 

Accepted  by  The  Wistar  Institute  of  Anatomy  and  Biology.  April  2,  1910.      Printed  July  26,  1910. 
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A    DEMONSTRATION    MODEL   OF   THE  BRAIN-STEM 

RICHARD  W.  HARVEY 
From  the  Hearst  Anatomical  Laboratory  of  the  University  of  California 

WITH  TWO  FIGURES 

For  a  number  of  years  a  class  model  of  the  spinal  cord^  has  been 
used  in  this  laboratory  in  teaching  the  microscopic  anatomy  of 
the  central  nervous  system.  The  model  has  proven  so  efficient 
in  leading  the  student  to  an  appreciation  of  third  dimensions,  and 
in  aiding  him  in  the  formation  of  an  accurate  conception  of  the 
anatomical  and  physiological  relations  of  the  various  nuclei  and 
axone  pathways,  that  it  has  seemed  profitable  to  the  writer  to 
undertake  the  construction  of  permanent  models  of  the  more 
complex  parts  of  the  central  nervous  system. 

The  model  herein  described,  (Fig.  1,)  is  of  the  brain-stem,  showing 
the  nuclei  and  central  connections  of  the  cranial  nerves  excepting 
the  first  and  second.  The  plan  of  construction  was  suggested 
by  the  model  already  in  use,  which  consists  of  wires  represent- 
ing the  principal  axone  pathways  passing  through  enlarged  sec- 
tions at  different  levels  of  the  spinal  cord.  The  material  used  and 
the  mechanical  devices  employed,  which  in  many  cases  were  sug- 
gested by  Mr.  E.  F.  Miller,  one  of  the  assistants  in  this  laboratory, 
have  so  demonstrated  the  feasibility  of  model  construction  as  an 
aid  to  the  study  of  complex  parts  of  the  encephalon,  as  to  warrant 
the  preparation  of  this  paper. 

The  first  step  in  construction  was  the  selection  of  sections  suit- 
able for  enlargement.     These  were  chosen  from  normal  trans- 

1  Hariesty,  I.     The  Johns  Hopkins  Hospital  Bulletin,  vol.  17,  no.  179,  Feb.,  1906- 
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verse  sections  through  the  following  regions  of  the  brain-stem: 
The  superior  corpora  quadrigemina,  the  inferior  corpora  quad- 
rigemina,  the  middle  of  the  pons,  the  inferior  border  of  the  pons, 
the  middle  of  the  inferior  olives.  Each  section  was  enlarged  to 
the  same  extent  by  the  Edinger  projecting  apparatus  and  a  trac- 
ing of  its  outline  taken  on  a  large  piece  of  paper.  Not  only  was 
the  contour  carefully  reproduced,  but  also  the  outhnes  of  the  gray 
substance  and  the  principal  nuclei  and  pathways.  The  paper 
sections  were  then  cut  along  the  edges  of  the  figure  and  were 
ready  for  reproducing  in  a  permanent  form. 

In  seeking  a  material  for  the  reconstruction  of  the  sections,  the 
relative  qualities  of  wax  and  wood  were  considered:  and  finally 
both  were  discarded  in  favor  of  '^  fibre, ' '  used  by  electrical  workers. 
Wax  is  not  durable  in  climates  subject  to  extreme  temper- 
atures, but  after  a  time  the  surface  cracks  and  gives  a  rough  ap- 
pearance to  the  model.  It  is  easily  worked  and  receives  the  im- 
pression of  tools  readily ;  but  owing  to  this  very  quality  it  must  be 
handled  with  greater  care  than  a  serviceable  model  should  necessi- 
tate. Wood  is  better  than  wax,  especially  the  three-ply  boards 
used  by  cabinet  makers,  which  will  not  warp;  but  it  is  subject 
to  the  disadvantage  of  flexibility ;  and  it  must  be  worked  with  care 
to  prevent  splitting.  Fibre  was  chosen  because  it  is  not  subject 
to  warping;  it  is  hard,  tough,  and  homogeneous  and  will  not 
split  or  chip  on  the  edges;  and  it  will  stand  the  heat.  It  is  very 
easily  cut  with  a  scroll-saw  and  the  edges  may  be  trimmed  and 
smoothed  with  a  file.  In  making  holes  the  drill  leaves  a  per- 
fectly smooth  bore. 

Each  paper  section  was  laid  on  a  large  sheet  of  fibre  three- 
eighths  inch  in  thickness,  and  tracings  were  carefully  made.  The 
tracings  were  then  cut  with  a  scroll-saw  into  sections  and  the  edges 
of  each  section  were  trimmed  and  smoothed  with  a  file.  The 
fourth  ventricle  and  aqueduct  of  Sylvius  were  also  cut  out  with 
the  saw,  leaving  the  sections  with  the  areas  for  the  nuclei  and 
pathways  marked  out  on  the  surfaces.  These  areas  were  then 
painted  to  distinguish  them  from  one  another,  the  same  general 
scheme  of  colors  being  used  as  in  the  model  of  the  spinal  cord. 
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thus  correlating  the  two  models.  During  this  procedure  Spalte- 
holtz's  ''Atlas  of  human  anatomy/'  and  ''Morris's  anatomy/' 
Part  3,  were  largely  used.  Nuclei  and  gray  matter  in  general 
were  painted  white;  sensory  neurones  through  the  lemnisci,and 
afferent  fibres  through  the  cranial  nerves,  red ;  motor  fibres  through 
the  pyramids,  and  efferent  fibres,  blue;  cerebello-spinal,  cerebello- 
cerebral,  and  transverse  pontine  pathways,  different  shades  of 
green;  association  pathways  and  reticular  formation,  brown. 
The  backs  and  edges  of  the  sections  were  painted  black.  Quick- 
drying  enamel  paint  was  found  to  be  most  practicable. 

When  the  paint  had  thoroughly  dried,  holes  were  bored  through 
the  sections  in  the  different  areas  to  permit  the  passage  of  wires, 
care  being  taken  to  preserve  a  proper  space  between  the  holes 
in  order  that  the  model  when  strung  with  wires  should  not  be 
too  compact.  In  all  the  pathways  it  was  planned  to  string  only 
such  wires  as  would  show  the  principal  directions  and  connections 
of  the  neurones.  In  boring,  a  drill  was  selected  that  would  make 
a  hole  slightly  larger  than  the  wire,  so  as  to  leave  room  for  wedg- 
ing the  wire  into  the  hole  with  a  small  wooden  peg.  Enough 
holes  were  drilled  in  each  section  before  setting  up  the  model; 
and  in  cases  where  too  many  had  been  drilled,  the  supernumerary 
holes  were  plugged  with  a  small  wooden  peg. 

Sections  of  the  inferior  olives  were  cast  and  fastened  to  their 
respective  sections  before  the  model  was  finally  set  up.  The 
method  of  casting  was  as  follows :  A  paper  pattern  of  the  olive  was 
made  from  the  original  paper  tracing,  and  this  was  laid  on  a  plate 
of  paraflSne  three-eighths  of  an  inch  in  thickness.  Then  with  a 
sharp  edged  tool  a  paraffine  pattern  was  cut  from  the  plate.  This 
was  embedded  in  plaster  of  paris,  and  after  the  mold  had  set  the 
paraffine  was  melted  out.  The  casting  was  made  with  Wood's 
metal  and  pegs  of  the  same  material  were  fastened  to  it  at  appro- 
priate places  for  attaching  it  to  the  section.  Four  such  castings 
were  made,  two  of  the  section  through  the  middle  of  the  olives, 
and  two  through  the  superior  tips,  as  shown  in  Fig.  2. 

Next  a  base  of  two-inch  sugar  pine  was  chosen  and  prepared 
for  mounting  the  sections.     Two  one-quarter  inch  brass  rods  were 
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set  into  the  dorsal  edge  of  each  section;  and  the  sections  were 
placed  vertically  on  the  base  at  equal  distances  apart  and  sup- 
ported by  the  brass  rods. 


Fig.  1.  Photograph  of  model  of  brain-stem  in  profile. 

With  the  mounting  of  the  sections  the  model  was  ready  to 
receive  the  nuclei  of  the  spinal  tract  and  solitary  tract,  which, 
in  order  to  represent  best  their  extension  through  two  sections  of 
the  model,  were  cast  in  metallic  rods.  Aluminum  was  used  to 
insure  lightness*  in  the  model.  Molds  were  made  in  molder's 
sand  from  wooden  patterns  whittled  to  the  required  shape;  and 
into  these  the  molten  metal  was  poured.  After  a  few  trials  very 
good  castings  were  obtained ;  and  the  writer  contemplates  a  more 
extensive  use  of  aluminum  in  future  models,  even  in  the  wires 
and  cell-bodies.  In  any  laboratory  provided  with  a  large  iron 
spoon  and  a  blast-lamp  a  sufficiently  high  temperature  can  be 
produced  to  melt  the  metal.  After  smoothing  them  with  a  file 
the  castings  were  tightly  inserted  in  their  proper  positions  through 
holes  in  the  sections.  The  nuclei  ambiguus  of  the  vagus  and  glosso- 


Digitized  by 


Google 


A   DEMONSTRATION   MODEL   OF   THE   BRAIN-STEM  257 

pharyngeal  were  constructed  of  rods  fastened  perpendicular 
to  the  section.  The  superior  olives  were  fashioned  from  pieces 
of  wire  gauze  to  insure  lightness.  From  each  piece  of  gauze  was 
cut  a  circular  sheet,  the  edge  of  which  was  deeply  notched  in 
several  places  by  cutting  out  triangular  pieces.  When  the  edges 
of  these  triangles  were  brought  together  and  soldered,  an  oval 
structure  was  formed  which  satisfactorily  represented  the  super- 
ior olivary  nuclei,  fig.  2,  S  O.  The  structures  were  suspended  in 
position  by  the  wires  representing  the  corpus  trapezoideum,  pass- 
ing between  the  superior  olives  and  the  lateral  lemniscus. 

The  next  step  in  construction  was  representing  the  principal 
azone  pathways.  No.  18  soft  copper  wire  was  used  because  of 
its  flexibility  and  the  consequent  ease  with  which  it  could  be  bent 
in  stringing  it  through  the  sections.  The  wire  was  first  stretched 
to  remove  all  kinks,  and  then  inserted  into  the  holes  through  the 
sections.  Care  was  taken  to  avoid  the  use  of  too  many  wires,  in 
some  cases  one  or  two  being  suflScient  to  represent  the  pathways. 
Each  wire  was  fastened  in  the  model  by  driving  a  small  wooden 
peg  into  the  holes  in  the  end  sections  through  which  the  wire 
passed.  Not  only  were  the  wires  by  this  means  made  permanent, 
but  the  sections  were  properly  supported,  and  the  entire  model 
rendered  compact  and  rigid.  The  stringing  of  the  wires  of  the 
cerebro-spinal  pathways  was  completed  first  because  they  give 
off  but  few  collaterals,  which  were  soldered  to  the  wires  later. 
The  cerebello-cerebral  and  cerebello-spinal  pathways  were  also 
strung  in  and  the  cerebellar  ends  soldered  together  within  small 
metallic  rings  to  form  the  superior  and  inferior  cerebellar  pedun- 
cles, fig.  2,  C  P.  The  middle  cerebellar  peduncles  were  constiuc- 
ted  later,  after  the  cell-bodies  and  telodendria  of  the  transverse 
pontine  neurones  had  been  attached  to  the  fibres.  In  stringing 
the  fibres  of  longer  course,  care  was  taken  to  preserve  as  nearly 
as  possible  the  contour  of  the  brain-stem.  Fibres  of  the  lateral 
lemnisci,  associational,  commissural,  and  arcuate  fibres,  were 
inserted  in  the  model  later,  because  to  them  cell-bodies  and  col- 
laterals or  end-brushes  were  to  be  fastened. 

Cell-bodies  of  the  sensory  neurones  were  fastened  in  the  follow- 
ing way :  A  strip  of  lead,  flat  on  one  side  and  rounded  on  the 
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other,  was  molded  by  running  molten  lead  into  a  wooden  trough 
of  the  required  shape.  The  strip  was  l^id  on  its  flat  side,  and 
pieces  about  8  nrni.  long  were  cut  from  it  with  a  saw.  Each  piece 
was  then  deeply  notched  on  its  flat  side  lengthwise  to  receive 
the  end  of  the  wire  axone.  The  axone  was  fastened  to  the  cell- 
body  by  first  flattening  the  end  of  the  wire  with  a  pair  of  pliers, 
then  inserting  the  end  in  the  notch  on  the  cell-body,  and  finally 
closing  the  edges  of  the  notch  over  the  wire  by  tightly  squeezing 
the  sides  of  the  leaden  cell-body  with  the  pliers.  The  cell-body 
was  then  smoothed  with  a  file  to  reduce  it  to  a  hemispherical  or 
slightly  oval  shape.  Cells  of  this  character  were  used  in  the  sen- 
sory nuclei  and  for  associational  and  commissural  neuroties.  The 
cell-bodies  of  the  motor  neurones  were  cast  in  Wood's  metal.  A 
wooden  mold  was  prepared  of  a  stellate  shape,  and  into  this  the 
molten  metal  was  run.  The  rough  cast  was  then  smoothed  with 
a  hot  iron;  and  a  groove  to  receive  the  axone  was  made  in  one 
side  by  allowing  the  hot  iron  to  rest  for  an  instant  on  one  surface. 
The  axone  was  fastened  to  the  cell-body  as  in  the  case  of  the  sen- 
sory cell,  except  that  the  metal  was  closed  about  the  wire  by  melt- 
ing it  with  a  hot  iron. 

Telodendria  and  collaterals  were  constructed  of  eight-strand 
picture  wire  as  in  the  previous  model,^  by  tightly  twisting  the 
wire  and  fraying  out  one  end  to  represent  the  end-brush-  But 
they  were  soldered  to  the  axones  by  cleaning  the  contacts  with 
sand-paper  or  a  file,  moistening  the  contacts  with  zinc  chloride, 
and  touching  them  with  the  tip  of  a  hot  soldering  iron  bearing 
a  small  globule  of  solder.  In  every  case  it  was  aimed  to  produce 
an  even  juncture  between  the  picture  wire  and  the  copper  wire. 
Branching  collaterals  were  made  by  untwisting  a  length  of  picture 
wire,  separating  the  strands  into  two  bundles,  and  retwisting 
these,  leaving  the  ends  frayed  to  represent  end-brushes.  Col- 
laterals and  telodendria  on  neurones  of  longer  course  were  soldered 
on  after  the  wires  had  been  fastened  into  position  in  the  model. 
On  almost  all  neurones  of  shorter  course  the  wires  could  be  pro- 

'  Hardesty,  I.     The  Johns  Hopkins  Hospital  Bulletin,  vol.  17,  no.  179.  Feb.,  1906, 
p.  47. 
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vided  with  their  collaterals  and  end-brushes  before  being  inserted 
into  the  model. 

Transverse  and  arcuate  fibres,  and  telodendria  about  nuclei 
on  the  sections,  were  fastened  to  the  sections  with  small  wire 
staples.     The  neurone  was  bent  into  the  required  shape  and  laid 


Fig.  2.  Photograph  of  region  of  model  at  level  of  inferior  olives.  S  O  =  Superior 
Olive,  C  P  =  Cerebellar  Peduncles,  R-  Restiform  Body,  S  T  =  SolUary  Tract, 
Sp  T  =  Spinal  Tract,  N  A  =  Nucleus  Ambiguus.  V,  VI,  VII,  VIII,  IX,  X,  XII 
Cranial  Nerves. 


on  the  section.  Then  at  two  points  widely  separated  on  the  axone 
holes  were  bored  through  the  section,  into  which  were  inserted 
staples  of  bent  copper  wire,  firmly  clasping  the  neurones  to  the 
section.  The  staple  was  fastened  into  place  by  a  small  wooden 
peg  driven  into  the  hole;  and  the  ends  of  the  staple  were  cutoff 
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even  with  the  back  of  the  section  with  a  pair  of  pliers.  Cere- 
bello-olivary  fibres  were  fastened  to  the  inferior  olives  by  melting 
a  small  piece  of  Wood's  metal  over  the  wire  laid  close  upon  the 
olive.  Fibres  of  the  corpus  trapezoideum  were  fastened  to  the 
superior  olives  by  passing  a  strand  of  picture  wire  through  the 
gauze  and  over  the  axone-wire  and  soldering  the  ends. 

Some  of  the  features  of  the  model  that  require  more  descriptive 
detail  are  the  following: 

The  restiform  body,  fig.  2,  R.  This  structure  was  represented 
by  wires  of  the  cerebello-spinal  fasciculux,  cerebellar  connections 
of  the  fasciculus  cuneatus,  fibres  passing  to  and  from  the  inferior 
ohves  of  the  same  and  opposite  side,  and  a  portion  of  Gower's 
tract.  Eight  wires  were  used  in  construction,  passing  through 
the  dorso-lateral  parts  of  the  sections  through  the  middle  of  the 
olives  and  the  inferior  border  of  the  pons,  and  bending  dorsally 
and  laterally  as  the  inferior  cerebellar  peduncle. 

The  Solitary  Tract  and  its  recipient  nucleus,  fig.  2,  ST,  were 
represented  by  several  fibres  from  the  vagus  and  glossopharyngeus 
sending  off  collaterals  at  intervals,  and  terminating  in  end-brushes 
about  the  nucleiis  represented  by  an  almninum  rod. 

The  Spinal  Tract  and  its  recipient  nucleus,  fig.  2,  Sp  T,  were 
represented  by  descending  fibres  from  the  trigeminus  nerve  ter- 
minating at  intervals  by  collaterals  and  telodendria  about  the 
nucleus  constructed  of  aluminum.  The  enlarged  cephalic  end 
of  the  nucleus  represented  the  principal  sensory  nucleus  of  the 
trigeminus. 

The  Nucleus  Ambiguu^  of  the  glosso-pharyngeal  and  vagus, 
fig.  2,  NA,  was  represented  by  a  rod  bearing  motor  cell-bodies  of 
efferent  fibres  of  these  two  nerves.  These  fibres  were  shaped  to 
pass  dorsally  and  mesially  from  the  nucleus,  bending  laterally  to 
meet  the  afferent  fibres  of  the  nerves  on  their  way  to  the  solitary 
tract  and  nucleus  ala  cinerea.  The  fibres  were  soldered  together 
into  two  bundles  and  capped  with  a  short  length  of  copper  tubing. 

The  motor  nuclei  of  the  cranial  nerves  were  represented  in  all 
cases  except  those  of  the  vagus  and  glosso-pharyngeal  by  single 
large  stellate  cells  with  their  efferent  fibres  attached.     In  con- 
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structing  the  trochlear  nerves  which  decussate  in  the  anterior 
medullary  velum  and  emerge  on  the  dorsal  surface  of  the  mes- 
encephalon the  two  efferent  wires  were  bent  about  the  central 
grey  substance  and  soldered  together  at  the  point  of  decussa- 
tion which  was  fastened  to  the  section  by  a  wire  staple.  The 
nucleus  of  the  mesencephalic  root  of  the  trigeminus  was  repre- 
sented by  a  wire  passing  through  the  two  anterior  sections  of 
the  model  to  join  the  fibre  from  the  principal  motor  nucleus  of 
the  trigeimnus,  just  ventral  to  its  principal  sensory  nucleus.  The 
motor  nucleus  of  the  facial  nerve  was  represented  by  a  single 
cell  placed  on  a  line  with  the  motor  nuclei  of  the  trigeminus  and 
glosso-pharyngeal.  Its  efferent  fibre  was  bent  to  course  about 
the  nucleus  of  the  abducens  as  the  genu  facilis,  finally  to 
emerge  from  the  inferior  border  of  the  pons  in  company  with 
the  pars  intermedia  of  the  facial. 

The  Red  nucleus,  nuclei  of  the  superior  and  inferior  coUiculi, 
nucleus  ala  cinerea,  nucleus  vestibularis,  nucleus  of  the  lateral 
lemniscus,  and  nucleus  fasciculus  cuneatus  were  represented  by 
areas  painted  white  on  the  sections,  containing  cells  and  teloden- 
dria  of  connecting  fibres. 

No  attempt  was  made  to  show  all  the  associations  between 
the  different  nuclei,  for  fear  of  rendering  the  model  too  complex 
and  unwieldy;  but  the  principal  connections  were  shown,  and 
those  most  useful  in  working  out  the  various  reflex  pathways. 
After  all  the  nuclei  and  pathways  were  completed,  the  connections 
were  made  by  soldering  collateral  fibres  with  a  soldering  iron. 

After  the  construction  of  the  model  was  completed,  the  wires 
of  the  different  pathways  were  painted  colors  corresponding  with 
the  areas  of  the  sections  through  which  they  passed.  Wires  used 
in  supporting  nuclei  or  fibres  were  distinguished  from  axone- 
wires*  by  a  coat  of  black  enamel  paint.  A  second  coat  of  paint 
was  given  to  all  the  fibres  and  to  t^e  backs  and  edges  of  the  sec- 
tions. Wires  were  straightened  and  the  fronts  of  the  sections 
were  touched  up  where  the  paint  was  scratched  off  during  con- 
struction. 
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The  dimensions  of  the  model  are  as  follows:  length  of  base  36 
inches,  heig;ht  17  inches,  width  at  the  section  through  the  middle 
of  the  pons  17  inches.  The  model  is  light,  easily  carried  from  one 
room  to  another,  perfectly  firm  and  tight,  and  likely  to  stand  the 
usage  of  students  observing  reasonable  care. 

In  conclusion,  acknowledgements  are  due  to  Professor  Moody, 
at  whose  suggestion  the  construction  of  the  model  was  under- 
taken. 

Accepted  by  The  Wlstar  Inatitute  of  Anatomy  and  Biology.  April  2,  1010.     Printed  July  26,  1910 
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NOTES  ON  STAINING  METHODS 

JOHN  LEWIS  BREMER 
Harvard  Medical  School 

The  following  adaptation  and  naodification  of  well  known  meth- 
ods of  microscopical  teclinic  have  been  foulnd  aseh\  in  the  pre- 
paration of  specimens  for  classes  in  histology. 

Method  for  staining  cartilage:  In  staining  cartilage  for  histo- 
logical examination  y  e^ecially  cartilage  in  which  bone  is  forming 
the  brilliant  color  contrast  g;iven  by  alimi  haematoxylin  and  eosin, 
the  blue  cartilage  matrix,  the  red  connective  tissue  of  the  peri- 
chondrium, red  protoplasm,  and  red  bone-matrix— makes  this 
combination  a  valuable  stain.  One  fault  lies  in  the  fact  that 
frequently  the  cartilage  matrix  takes  the  alum  haematoxylin  stain 
before  the  nuclei  of  the  cells,  especially  in  tissues  which  have  been 
kept  some  time  in  alcohol;  to  stain  the  nuclei  necessitates  the  over- 
staining  and  consequent  clouding  of  the  cartilage  matrix.  By 
staining  the  nuclei  first  by  Heidenhain's  iron  haematoxylin  meth- 
od, then  the  cartilage  matrix  lightly  with  aliun  haematoxylin, 
and  finally  adding  the  eosin,  all  the  various  elements  are  brought 
out  clearly. 

Staining  of  connective  tissue  fibrils:  Mallory,  in  describing  his 
method  for  the  differential  staining  of  connective  tissue  fibrils, 
states  that  the  tissue  must  be  fixed  in  Zenker's  fluid.  Not  infre- 
quently it  is  desirable  to  stain  by  this  method  tissues  already  fixed 
in  10  per  cent  formalin  or  in  other  fixing  fluids,  and  fairly  satis- 
factory results  may  be  obtained  by  merely  placing  the  block  of 
tissue,  or  the  sections,  in  Zenker's  fluid  before  staining.  Sections 
may  remain  in  Zenker's  stock  solution  (the  addition  of  acetic  acid 
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is  not  necessary)  for  an  hour  or  more;  blocks  of  tissue  are  treated 
by  Professor  Mallory  as  fresh  material,  and  are  run  through  the 
usual  routine  of  Zenker  fixation.  The  mordant  action  of  the 
constituents  of  Zenker's  stock  solution  seems  to  be  necessary  for 
thfe  proper  diBferentiation  of  the  stain,  This  suggestion  is  offered 
only  for  those  cases  where  it  is  desired  to  use  this  stain  on  pre- 
viously fixeH  tissue,  as  the  differentiation  is  not  quite  so  sharp 
and  clear  as  when  tissue  originally  fixed  in  Zenker's  fluid  is  used. 

The  staining  of  segmentation  stages  of  ova:  Mallory 's  connective 
tissue  stain  may  also  be  used  in  the  study  of  segmentation 
stages,  as  tried  recently  in  this  laboratory  with  some  early  stages 
of  snakes  (Eutaenia  radix)  after  Zenker  fixation.  While  the  color 
reactions  are  not  yet  understood,  they  are  so  remarkable  that  it 
seems  probable  that  they  will  be  of  value.  The  chromatic  ma- 
terial of  the  nuclei  and  the  chromosomes  are  dark  red;  the  pro- 
toplasm is  purplish  blue  (instead  of  red,  as* in  the  adult).  Cen- 
trosomes  and  the  spindle  threads  show  a  dark  purple;  the  vitel- 
line membrane  is  blue.  The  yolk  is  the  most  remarkable;  yolk 
granules  are  of  a  yellowish  red,  but  the  white  yolk  and  the  par- 
tially digested  granules  are  pale  blue.  All  the  color  contrasts  are 
beautifully  clear. 

Staining  of  heart  muscle:  A  simple  method  of  staining  cardiac 
muscle  to  show  the  nuclei,  striations,  and  intercalated  disks,  or 
''Schaltstucken''  of  Heidenhain,  is  by  the  use  of  Mallory's  phos- 
photungstic  acid  haematoxylin.  The  nuclei  and  disks  stain  dark 
purple,  the  striations  a  little  lighter,  and  the  protoplasm  pale 
purple.  A  counter-stain  of  Oralige  G  may  be  added  to  bring  out 
the  connective  tissue  elements,  without  injuring  the  stain,  if  the 
precaution  is  taken  not  to  leave  the  section  longer  than  necessary 
in  alcohol.  Heidenhain  states  that  corrosive  sublimate  fixation 
is  probably  a  sine  qua  non  for  successful  staining  of  the  heart 
elements;  but  I  have  found  that  tissue  fixed  in  10  per  cent  formalin 
reacts  to  this  stain,  though  perhaps  the  results  are  not  quite  so 
clear  as  with  Zenker  fixation. 
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The  Cox  method:  With  regard  to  the  manipulation  of  Cox-Gol- 
gi  preparations  for  the  study  of  nervous  tissue,  the  following  may 
be  said:  Cox  states  in  a  note  to  his  paper:  "Nur  bei  kleinen 
Stiickchen  und  schnellem  Verfahren  kann  Celloidineinbettung 
ohne  grossen  Nachtheil  fiir  die  Impragnirung  zur  Anwendung 
konamen,"  since  alcohol  endangers  the  impregnation;  and  most 
other  writers  state  that  alcohol  must  be  avoided  as  much  as  pos- 
sible and  advise  imbedding  in  celloidin  by  dehydrating  for  a  few 
minutes  in  absolute  alcohol  and  then  placing  in  a  thick  solution 
of  celloidin  for  a  few  minutes.  My  experience  has  not  agreed  with 
these  statements. 

Finding  that  pieces  of  tissue  imbedded  thus  rapidly  were  rather 
supported  by  a  coating  of  celloidin  than  permeated  by  the  solution, 
and  that,  although  they  could  be  cut,  the  sections  crumbled  and 
were  very  difficult  to  handle,  I  tried  longer  and  longer  periods  in 
alcohol  and  celloidin  until  finally  the  material  was  submitted  to 
the  ordinary  steps  of  celloidin  imbedding,  remaining  in  thin  cel- 
loidin for  a  week  or  more,  and  an  equal  time  in  thick  celloidin. 
These  thoroughly  permeated  sections  showed  no  loss  of  impregna- 
tion that  could  be  detected  by  comparison  with  sections  of  the 
same  tissue  imbedded  rapidly.^  This  year  I  have  used  material 
which  was  slowly  imbedded  and  blocked  in  1904,  and  kept  since 
then  in  80  per  cent  alcohol;  the  impregnation  is  as  full  and  as  dark 
as  ever,  there  is  no  deposit  of  mercury  one  month  after  mounting 
under  a  cover  glass  without  heating.  These  thoroughly  imbedded 
sections  may  be  easily  stained  with  hsematoxylin  and  eosin,  with- 
out injuring  the  impregnation:  such  stained  specimens  are  especi- 
ally useful  in  the  cortex  of  the  cerebellimi,  to  show  the  distribu- 
tion of  the  axons  of  the  '^ basket-cells,^'  etc.  In  my  experience 
the  stained  specimens  show  less  of  the  mercury  deposit  afterseveral 
months  than  do  specimens  without  stain. 
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INTRA  VITAM  STAINING  WITH  METHYLENE  BLUE 

J.  GORDON  WILSON 

Northwestern  University  Medical  School 

The  purpose  of  this  paper  is  not  to  give  a  detailed  account  of  the 
various  modifications  of  this  important  technic,  it  is  rather  to 
state  clearly  the  particular  methods  which  I  have  found  most 
suitable  and  to  point  out  the  pitfalls  a  beginner  has  to  avoid. 
That  this  technic  is  so  little  used  and  that  it  has  been  so  unsuccess- 
ful in  the  hands  of  many  seems  sufficient  justification  for  the  ac- 
count. 

In  1885  Ehrlich  drew  attention  to  the  fact  that  if  a  solution  of 
methylene  blue  in  physiological  salt  solution  be  injected  into  the 
blood  vessels  of  a  living  animal  the  nerve  cells  and  their  processes 
showed  an  affinity  for  this  dye.  The  tissue  when  removed  and 
examined  under  the  microscope  usually  shows  no  nerves,  but  on 
exposure  to  the  air  these  gradually  appear.  The  reaction  depends 
on  the  fact  that  the  coloring  property  of  a  dye  is  due  to  the  presence 
of  a  group  of  atoms  with  a  marked  affinity  for  hydrogen.  The 
introduction  of  hydrogen  into  this  unsaturated  radical  results  in 
a  loss  of  color ;'  but  this  leuco-combination  can  be  easily  oxidized 
by  the  air  to  the  original  color.  One  may  suppose  that  the  "vital 
color,"  methylene  blue,  circulating  in  the  blood  is  selected  by 
certain  cells  by  an  extractive  process,  the  "ausschiittelungspro- 
cess,''2  involving  a  reduction  to  the  leucobase  by  the  addition  of 
hydrogen  as  a  result  of  functional  activity  or  post-mortem  change. 
Exposure  to  the  air  oxidizes  this  to  the  original  dye.  It  is,  however, 

*  Nietzki,  R. — Chemie  der  organischen  Farbstoffe,  Berlin,  1901,  pp.  2  and  3. 

*  Ehrlich,  Paul — Collected  Studies  on  Immunity,  New  York,  1906.  Article  34. 
The  relation  existing  between  chemical  constitution,  distribution  and  phar- 
macological action. 
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not  sufficiently  anchored  in  the  cell,  but  can  be  fixed  there  by  the 
action  of  certain  acids  which  precipitate  it  in  an  insoluble  form. 

The  inxportknce  of  this  "vital  staining''  reaction  was  quickly 
recognized  and  it  is  now  a  procedure  which  has  found  extensive 
application  in  the  histology  of  the  nervous  system.  Failure  to 
obtain  this  selective  action  is  not  unconmion  and  arises  from  many 
causes,  for  instance,  the  difficulty  of  obtaining  fresh  tissue,  the  par- 
ticular part  examined,  the  fixation  and  subsequent  treatment 
requisite  to  insure  dehydration.  The  adequate  saturation  of  the 
tissue  with  the  dye,  its  reduction  in  the  nerve  and  its  subsequent 
oxidation  are  easily  accomplished.  In  regard  to  the  freshness  of 
the  tissue,the  sooner  after  death  it  is  obtained,the  better  the  result. 
Animal  tissue  can  usually  be  obtained  inamediately  on  death  or 
very  soon  after.  In  man  it  is  remarkable  how  many  hours  post 
mortem  the  nerves  and  their  endings  react  to  the  dye;  in  some 
cases  I  have  obtained  satisfactory  results  six  to  eight  hours  after 
death,  when  the  body  has  been  kept  in  a  cold  chamber. 

In  some  tissues  the  nerves  react  to  the  dye  more  readily  than 
in  others.  Thus  they  are  easily  obtained  in  muscle,  and  here  the 
motor  endings  appear  more  readily  than  the  sensory  endings  or 
the  vaso-motor  nerves.  Endings  are  easily  demonstrated  in  the 
tongue  and*  epiglottis  but  with  more  difficulty  in  the  lung  and  in 
the  liver.  While  this  can  be  explained  to  some  extent  by  the  con- 
dition of  the  blood  supply  and  the  variety  of  nerve,  it  appears  to 
me  that  some  substance  is  often  present  around  the  terminal 
ending  interfering  with  the  reaction.  The  accessibility  of  oxygen 
to  the  reduced  dye  has  always  to  be  considered;  thus  the  nerves 
of  the  skin  stain  with  difficulty  when  the  epithelial  surface  is 
exposed  to  the  air;  but  if  cut  transversely  and  so  exposed,  the  blue 
quickly  appears. 

The  part  of  the  technic  in  which  one  meets  with  the  greatest 
difficulty  is  the  process  of  dehydrating.  The  fixed  dye  is  extremely 
soluble  in  all  grades  of  alcohol  excepting  absolute.  As  the  removal 
of  a  minute  amount  of  the  dye  from  the  fine  nerve  ending  is  detri- 
mental to  a  satisfactory  result,  it  is  to  this  part  of  the  procedure 
that  most  care  has  to  be  directed. 

The  kind  of  methylene  blue  used  is  of  importance.    There  are 
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many  varieties  of  this  dye;  as  it  comes  into  commerce  it  is  a  zinc 
chloride  double  salt.  For  vital  staining  this  dye  is  useless.  A 
zinc-free  salt  is  requisite;  of  these  the  one  that  answers  best  is  the 
methylene  blue  ''nach  Ehrlich''  prepared  by  Dr.  Griibler  of 
Leipsic.  Another  which  gives  fairly  good  results  is  the  medicin- 
ally pure  methylene  blue. 

Absolute  cleanliness  of  the  vessels  used  cannot  be  too  strongly 
insisted  on.  The  slides  and  instruments  should  be  kept  in  phy- 
siological salt  solution. 

To  get  the  dye  to  the  nerve,  there  are  three  methods  which  I 
use,  varying  according  to  the  animal  or  the  part  to  be  examined : 
I.  The  injection  method— Ehrlich's  method.  II.  The  placing  of 
a  thin  section  on  a  slide  and  keeping  it  covered  with  the  dye — 
DogieFs  method.  III.  The  immersing  of  the  tissue  in  a  weak 
solution  of  the  blue  till  it  becomes  permeated  with  the  dye;  then 
exposure  to  the  air. 

I.  For  the  injection  method  it  is  generally  recommended  to  use 
a  i-i%  solution  of  methylene  blue.  This  I  consider  too  strong  and 
too  apt  to  color  other  tissues  which  will  later  be  referred  to,  and 
so  to  obscure  the  nerves  and  their  endings.  I  therefore  use  a 
solution  never  stronger  than  i%.  A  stock  solution  of  methylene 
blue  0.5%  in  distilled  water  is  made,  and  when  ready  to  inject  the 
following  is  prepared : 

Methylene  blue  (0.5%  sol.)— lOcc. 
Salt   solution    (0.75%   sol.)— 90cc. 

Even  this  will  often  color  other  tissues  too  much  and  then  the 
strength  must  be  reduced.  Before  injecting, this  solution  is  heated 
to  slightly  over  37"^  C.  In  small  animals,  e.g.,  the  white  rat,  it  is 
most  suitably  injected  into  the  aorta  or  heart;  in  large  animals  the 
vessel  selected  should  be  near  the  part  to  be  investigated;  thus 
for  endings  in  the  muscle  of  the  eye,  or  of  the  tongue  in  a  dog,  the 
injection  may  be  made  into  the  conamon  carotid. 

Before  injecting,  the  animal  is  given  an  anaesthetic  and  bled. 
A  glass  canula  may  be  inserted  into  the  artery  and  the  fluid 
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injected  from  a  flask;  or  a  syringe  with  a  blunt  needle  may  be 
used.  I  prefer  the  latter;  with  a  little  practice  one  can  so  arrange 
that  the  syringe  can  be  withdrawn  from  the  needle  fixed  in  the 
artery,  refilled  and  applied  to  the  needle  without  air  getting  into 
the  vessels.  I  do  not  now  wash  out  with  salt  solution.  While 
recognizing  that  it  is  absolutely  essential  for  satisfactory  staining 
to  have  the  capillaries  and  veins  thoroughly  empty  of  blood,  I 
find  that  this  is  accomplished  most  satisfactorily  and  with  less 
damage  to  the  tissue  by  bleeding  thoroughly  and  then  during  the 
injecting  to  open  a  neighboring  vein  and  allow  the  methylene 
blue  to  flow  through  this  exit  till  the  solution  escapes  uncolored 
by  blood  and  with  its  distinctive  blue,  "then  I  clamp  the  vein  and 
fill  well  all  the  blood  vessels.  The  test  by  which  this  can  be  gauged 
is  that  the  tissue  to  be  examined  be  distinctly  blue;  or  if  the  tissue 
be  too  deep  to  be  seen  without  dissection,  for  instance  in  the  m. 
tensor  tjmnipani,  that  the  surrounding  parts  are  well  colored. 
To  get  th;ite  result  it  may  be  necessary  to  clamp  all  the  vessels 
connected  with  the  part,  thus  in  the  head,  all  the  vessels  of  the 
head  and  neck  coming  from  the  arch  of  the  aorta  as  well  as  those 
entering  the  superior  vena  cava. 

The  injected  part  is  now  left  untouched  for  5  to  10  minutes; 
then  the  part  to  be  examined  is  exposed.  Free  entrance  of  air  to 
the  tissues  is  essential ;  at  times  one  exposes  the  part  to  be  examined 
for  a  few  minutes  before  removing  pieces  of  suitable  size  for  micro- 
scopic examination.  This  removal  may  be  done  with  a  sharp  broad 
knife,  scissors,  or  a  Valentineknife.  The  section  is  placed  on  a  clean 
glass  slide  moistened  with  salt  solution  and  examined  under  the 
low  power.  It  may  be,  that  already  nerves  are  to  be  seen;  if  not, 
the  slide  is  laid  in  a  Petri  dish  and  placed  in  the  thermostat  at  37^  C. 
From  time  to  time  the  section  is  examined  under  the  low  power 
of  the  microscope,  say  every  five  minutes,  till  the  nerves  are  suf- 
ficiently clearly  seen,  care  being  taken  in  the  meantime  that  the 
tissue  is  kept  moist  by  the  application  of  the  salt  solution.  The 
recognition  of  how  soon  the  tissue  may  be  regarded  as  satisfac- 
torily colored  is  a  matter  of  experience,  but  in  each  piece  the 
nerves  will  be  seen  in  various  stages  of  coloration.  As  a  rule  the 
tissue  should  be  fixed  too  soon  rather  than  too  late.    If  kept  too 
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long  the  blue  diffuses  out  and  a  blurred  appearance  results.  If 
the  nerves  do  not  appear  withm  one  hour  it  may  be  regarded 
as  useless  to  expect  them.  It  is  interesting  here  to  note  that 
the  nerves  do  not  invariably  appear  blue — they  occasionally  are 
of  a  violet  or  reddish  purple.  This  opens  an  interesting  field 
for  investigation  as  to  what  has  caused  this  transformation. 

In  frogs  the  injection  can  be  best  done  from  the  heart  or  vena 
abdominalis.  In  cold-blooded  animals  the  solution  is  not  warmed, 
nor  is  the  tissue  placed  in  the  thermostat. 

As  a  modification  of  this,  one  may  inject  the  solution  directly 
into  the  part.  This  is  veryuseful  in  man,injectingsubcutaneously 
to  examine  the  skin  for  nerve  endings,  injecting  into  the  muscles 
for  motor  or  sensory  endings.  It  is  an  easy  method  of  preparing 
class  preparations,  for  example,  to  -demonstrate  motor  and  sen- 
sory endings  as  wellasvaso-motor  nerves  in  the  m.  sartoriusof  the 
frog.  When  so  used  I  prefer  the  solutions  ^  or  J  of  the  above 
strength.  When  the  tissue  is  well  colored  the  part  is  cut  out, 
placed  on  a  slide,  examined  and  fixed  in  the  usual  way. 

II.  In  the  second  method  the  piece  of  tissue  freed  from  blood 
(if  necessary  by  rinsing  in  saline  solution)  is  cut  to  a  suitable  size, 
placed  on  a  glass  slide  and  its  surface  moistened  with  the  ^%  solu- 
tion of  methylene  blue  at  37°C.  It  is  then  laid  in  a  Petri  dish  and 
placed  in  the  thermostat  at  37"^  C.  in  the  case  of  warm-blooded 
animals  and  at  room  temperature  for  cold-blooded  animals.  It 
is  examined  from  time  to  time  and  kept  moist  with  the  solution. 
To  prevent  it  drying  I  usually  raise  the  slide  slightly  above  the 
bottom  of  the  dish  and  keep  a  little  distilled  water  or  damp  cot- 
ton wool  in  the  dish.  Within  a  varying  time,  up  to  2  hours,  the 
nerves  appear. 

III.  The  method  which  I  have  recently  used  very  largely  and 
which  has  proved  more  effectual  than  Method  II  for  hmnan  tissue 
and  for  the  organs  of  large  animals  such  as  the  heart  of  the  calf, 
is  immersion  of  the  tissue  for  a  short  period  in  a  weak  solution 
and  then  exposure  to  the  air.  The  details  applied  to  the  heart 
of  a  calf  are  as  follows : 
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a.  With  a  Valentine  knife  a  section  is  cut  of  the  part  to  be 
examined  about  1  nam.  thick,  the  size  otherwise  being  of  no  mo- 
ment; some  of  my  sections  have  been  3  to  4  cm.  long  and  1  to  1^  cm. 
in  breadth. 

b.  This  is  inunersed  in  a  weak  solution  of  methylene  blue  at 
37"^  C.  and  placed  in  thermostat  for  5  to  10  minutes  or  till  the  tissue 
is  well  colored  blue.    For  this  purpose  I  use 

Methylene    blue    (0.5%   sol.)     5.0 
Salt    solution....  (0.75%  sol.)  .95.0 

Often  a  much  weaker  solution  answers  better. 

c.  The  tissue  is  now  taken  out  of  the  solution  and  placed  on  a 
glass  slide  in  a  Petri  dish,  moistened  with  the  blue  solution  and 
placed  in  the  thermostat  at  37"^  C. 

d.  At  a  varying  time  the  nerves  appear,  the  interval  varying 
with  the  time  after  death  at  which  the  tissue  has  been  obtained. 
They  may  begin  to  appear  as  early  as  from  10  to  20  minutes  or 
they  may  not  appear  for  an  hour. 

The  human  heart  may  be  treated  in  exactly  the  same  way. 
The  time  at  which  the  nerves  appear  varies  with  the  time  after 
death,  the  longer  after  death  the  slower  the  appearance;  it  also 
varies  with  the  animal,  thus  in  the  sheep  and  ox  they  appear  more 
slowly  than  in  the  calf.  It  will  be  noted  that  I  use  the  weakest 
possible  solution  because  since  the  nerves  attract  the  dye  more 
readily  than  do  the  other  tissues,  a  clearer  picture  can  thus  be 
obtained. 

FIXATION 

The  dye  has  to  be  fixed  in  the  nerve,  otherwise  it  quickly  dis- 
appears. To  secure  this,  one  may  employ  either  1,  the  ammonium 
picrate  method  of  Dogiel,  or  2,  the  ammonium  molybdate  method 
of  Bethe. 

1.  In  the  anamonium  picrate  method  the  tissue  is  placed  in  a 
saturated  filtered  solution  of  anamonium  picrate  (Grtibler's)  in 
water.  Here  it  is  left  for  from  4  to  24  hours  according  to  its  size 
It  is  then  transferred  to  a  mixture  of  equal  parts  of  glycerin  and 
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the  above  solution  in  which  it  clears  and  in  this  it  is  mounted  and 
examined.  While  there  are  certain  cases  in  which  this  method 
is  of  great  use,  for  example  in  the  examination  of  teased  prepara- 
tions, yet  for  detailed  study  and  accurate  results  it  is  inferior  to 
the  method  of  Bethe. 

2.  For  routine  work  Bethe  uses  a  5%  solution  of  ammonium 
molybdate.  At  first  he  recommended  various  additions  to  this 
solution,  such  as  hydrochloric  acid  (a  few  drops),  peroxide  of  hydro- 
gei\,  osmic  acid,  etc.  Experience  has  shown  that  these  are  super- 
fluous and  they  are  now  but  little  used.  I  constantly  fix  with  an 
8%  solution.  The  kind  of  molybdate  used  is  of  some  importance. 
The  large  crystalline  variety  prepared  by  Merck  or  by  Kahl- 
b^um  is  to  be  preferred.  The  crystals  are  added  to  the  distilled 
water  in  a  flask;  the  mixture  is  heated,  but  not  allowed  to  boil, 
till  the  crystals  are  dissolved.  A  large  amount  of  the  molybdate 
solution  must  be  used.  Before  placing  the  tissue  in  this  fixing 
agent  it  is  advisable  to  cool  the  solution  to  about  35-40°  F.  by 
placing  it  in  a  cold  chamber.  Into  this  the  tissue  is  placed  and 
left  over  night  in  a  cold  chamber.  It  appears  to  me  that  the  molyb- 
date solution  has  an  oxidizing  effect,  and  so  it  is  preferable  to 
fix  the  nerves  as  they  are  coming  out  rather  than  after  they  have 
been  out  for  some  time.  Unless  this  is  done  the  picture  is  less 
sharp,  due  to  the  blue  being  fixed  as  it  is  diffusing  out  from  the 
axis  cylinder.  The  oxidizing  effect  of  the  molybdate  will  also  ac- 
count for  the  greenish  yellow  color  so  often  seen,  as  for  example 
in  the  muscle  cell. 

I  have  used  a  mixture  of  osmic  acid  and  ammonium  molyb- 
date in  order  to  obtain  a  combination  of  the  blue  axis  cylinder 
with  a  brown  coloration  of  the  medullary  sheath.  The  tissue  is 
placed  for  1-2  hours  in  the  following  solutions: 

Ammonium  molybdate  (8%  sol.) 100  cc. 

Osmic  acid  (}  %  sol.) 10-15  drops 

The  amount  of  osmic  acid  must  be  just  sufficient  to  stain  the  tissue 
a  light  brown.  After  the  expiration  of  this  time  the  tissue  is 
transferred  to  an  8%  molybdate  solution  in  which  it  is  left  over 
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night.  In  using  this  technic  I  do  not  allow  the  nerves  to  appear 
well  under  the  low  power  because  the  oxidizing  effect  of  the  osmic 
acid  is  sufficient  to  assist  in  transforming  the  leucobase. 

WASHING. 

The  tissue  must  be  washed  to  remove  the  molybdate.  This 
may  be  done  in  one  of  two  ways: 

a.  By  using  several  changes  of  distilled  water  for  1  to  2  hours. 
It  is  a  good  plan  to  keep  the  water  cool  by  having  a  piece  of  ice 
m  it  because  in  all  laboratories  the  water  is  apt  to  be  warm  and 
the  dye  dissolves  out,  in  small  amount,  it  is  true,  but  sufficient 
to  spoil  the  final  results. 

b.  Recently  I  have  washed  the  tissue  m  ordinary  cold  tap  water 
running  very  slowly,  by  which  the  time  of  washing  is  very  con- 
siderably reduced  to  from  ^  to  1  hour.  Any  means  of  shortening 
the  time  between  fixation  and  embedding  is  of  distinct  advantage; 
the  aim  should  be  to  get  this  done  in  one  day. 

ALCOHOL  TO  PARAFFIN. 

The  method  of  passing  the  tissues  through  alcohol  is  of  the  ut- 
most importance.  Alcohol,  even  96  per  cent,  will  extract  the 
dye;  in  absolute  alcohol  the  dye  is  practically  insoluble.  I  have 
left  well  dehydrated  tissue  over  night  in  absolute  alcohol  with- 
out a  trace  of  the  dye  showing  in  the  liquid.  My  mode  of  pro- 
cedure is  as  follows:  On  removing  the  tissue  from  the  water 
the  surface  water  is  removed  with  blotting  paper.  I  do  not 
press  the  blotting  paper  on  it  but  simply  lay  the  tissue  for 
a  few  seconds  on  the  paper.  It  is  now  immersed  in  96  per 
cent  alcohol  and  rinsed;  then  transferred  to  fresh  96  per  cent 
alcohol  for  about  5  minutes,  again  transferred  to  96per  cent  alcohol 
for  20  minutes  and  again  to  96  per  cent  alcohol  for  1  hour.  In  all 
this  procedure  the  alcohol  is  kept  at  a  temperature  of  about  40 
degrees  F.  in  a  cold  chambter.  The  niunber  of  times  this  Jis  done 
depends  on  the  thickness  of  the  tissue  and  the  amount  of  shrink- 
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ing  one  wants  to  avoid;  thus  in  some  cases  I  have  kept  the  tis- 
sue in  96  per  cent  alcohol  altogether  for  from  2  to  4  hours. 

Now  it  is  transferred  to  absolute  alcohol.  It  is  best  to  have  the 
first  change  of  absolute  in  the  cold  chamber  but  after  this  it  may 
be  kept  at  the  room  temperature.  It  is  well  to  remember  that 
during  the  process  of  dehydration  the  absolute  alcohol  becomes 
diluted  and  that  as  the  diflfusion  of  alcohol  in  water  is  slow,  one 
can  then  see  a  ring  of  color  immediately  surrounding  the  tis- 
sue. It  is  advisable  to  have  thin  pieces  and  to  hurry  the  process 
on  to  xylol  and  paraffin,  but  absolute  dehydration  is  most  es- 
sential. Xylol  is  by  far  the  most  satisfactory  clearing  agent; 
most  of  my  tissues  about  1  to  2  mm.  thick  clear  in  about  ^  hour. 

The  tissues  may  then  be  moimted  in  Canada  balsam  and  exam- 
ined; or  they  may  be  passed  into  paraffin.  The  pariaffin  used  is 
a  matter  of  choice.  Lately  I  have  immersed  the  tissue  in  soft 
paraffin  in  a  vacuum  bath  for  1^  to  2  hours;  then  into  hard  par- 
affin for  a  minute,  imbedding  in  hard  paraffin.  Once  in  paraffin 
the  tissue  is  safe;  I  have  cut  paraffin  blocks  after  4  years  and  found 
the  tissue  in  perfect  condition. 

We  can  briefly  summarize  these  methods  as  follows: 

I.  Injection  method. 

1.  Anaesthetise  and  bleed  animal. 

2.  Inject  into  artery  Vtt  per  cent  methylene  blue  till 
part  well  colored. 

3.  Cut  out  part  and  examine  under  low  power  of 
microscope;  if  no  nerves  then 

4.  Keep  moist  in  thermostat  at  37°C.  tillnerves  appear 
— 15  min.  to  1  hour. 

5.  Fix  in  8  per  cent  ammonium  molybdate  over  night. 

6.  Wash  in  cold  water  for  §  to  2  hours. 

7.  Pass  through  several  changes  of  96  per  cent  alco- 
hol at  a  low  temperature  for  ^  to  2  hrs. 

8.  Pass  through  several  changes  of  absolute  alcohol 
for  1  to  2  hours. 

9.  Clear  in  xylol. 

10.  Mount  in  Canada  balsam  or  embed  in  paraffin. 
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II.  Dogiel  method. 

1.  Small  pieces  of  tissue  from  animal  recently  killed, 
free  from  blood,  are  placed  on  slide  and  moistened 
with  Vo  per  cent  methylene  blue,  and  kept  at 
temperature  of  ST'^C.  till  nerves  appear — usually 
within  one  hour. 

2.  Fixation  and  after  treatment  as  in  method  I. 
For  modifications  for  cold  blooded  animals  and  for 
ammonium  picrate  fixation,  see  text. 

III.  Immersion  method  especially  suitable  for  human  tissue  and 
for  the  tissue  of  large  animals. 

1.  Immerse  as  soon  after  death  as  possible  a  thin  sec- 
tion of  tissue  freed  from  blood  in  a  i*f  per  cent 
solution  of  methylene  blue  at  37°  C.  till  permeated 
by  blue,  for  5  to  15  minutes. 

2.  Remove  from  solution,  place  on  a  glass  slide  and 
keep  moist  with  the  above  solution  at  37°  C.  till 
nerves  appear,  ^  to  2  hours  varying  with  time  after 
death. 

3.  Fixation  and  after  treatment  as  in  Method  I. 


SOURCES  OF  ERROR 

In  all  methylene  blue  investigations  it  must  never  be  forgotten 
that  while  the  dye  is  neurotropic  it  is  not  monotropic,  other- 
wise one  may  be  led  to  false  deductions.  In  intra  vitam  stain- 
ing in  addition  to  nerve  tissue  there  are  colored  by  the  dye 
elastic  fibers,  pigment  and  connective  tissue  cells,  fat  cells  and 
muscle  cells.  Fat  cells  and  muscle  cells  never  cause  any  confu- 
sion ;  but  the  others  require  to  be  constantly  kept  in  mind  as  a 
possible  source  of  error.  The  elastic  fibers  especially  if  in  single 
strands  may  at  times  look  like  nerves,  but  the  absence  of  the 
typical  varicosities  and  their  mode  of  branching  are  suflficiently 
distinctive.  This  error  is  likely  to  occur  only  to  a  beginner 
or  in  unsatisfactorily  stained  tissues.  The  connective  tissue  cell 
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and  the  pigment  cell  with  their  branching  processes  have  not 
infrequently  been  mistaken  for  ganglion  cells.  This  mistake 
can  only  occur  in  smaller  cells  when  the  nucleus  is  either  not 
seen  or  badly  stained.  The  large  ganglion  cell  with  its  distinc- 
tive nucleus  and  halo  never  presents  any  diflSculty.  The  small 
pigment  cells  in  which  the  nucleus  has  not  appeared  well,  at 
times  may  resemble  at  first  glance  a  ganglion  cell;  but  the  pro- 
cesses are  different  and  can  never  be  traced  to  the  same  length  as 
in  the  ganglion  cell  nor  do  they  branch  with  the  same  regularity. 
A  comparison  of  a  doubtful  cell  with  a  ganglion  cell  always  will 
solve  the  doubt. 

To  some  this  account  may  appear  too  minute  but  I  have  seen 
so  many  failures  from  "slight  alterations''  or  lack  of  attention 
to  an  apparently  insignificant  point  that  an  excess  of  detail  may 
well  be  pardoned.  I  have  added  no  bibliography  since  this  has 
been  done  so  amply  by  DogieP  in  a  recent  article. 

^  Dogiel,  A.  S.    Methylenblau  zur  Nervenf&rbung.     Encyklopddie  der  Mikro- 
skopischen  Technik.     Bd.  2,  Berlin,  1905. 


Accepted  by  The  Wlstar  Institute  of  Anatomy  and  Biology,  April  2,  1910.     Printed  July  26,  1910. 
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Medical  Education  in  the  UmIted  States  and  Canada.  •  By  Abra- 
ham Flexner.  With  an  Introduotion  by  Henry  S.  Pritchett, 
Bulletin  No.  4,  of  the  Carnegie  Foundation.  576  Fifth  Ave.,  New 
York  City.  XVII.    346  pages. 

This  exhaustive  report  upon  medical  education,  and  upon  the  medical 
schools  in  the  United  States  is  comprehensive  and  timely,  and  will 
no  doubt  be  of  great  value  in  bringing  about  desired  reforms.  It  is 
divided  into  chapters  touching  all  phases  of  medical  education,  and 
gives  a  detailed  account  of  each  medical  school  in  the  United  States, 
all  of  which  have  been  personally  visited  by  Dr.  Flexner.  Through- 
out the  report,  anatomy  is  constantly  alluded  to,  and  every  anatomist 
should  be  vitally  interested  in  this  report  and  should  study  it  with  care. 
The  report  as  a  whole  shows  that  Dr.  Flexner  has  full  command  of  his 
subject.  It  is  not  destructive,  but  constructive,  even  admitting  that 
he  would  destroy  the  weaker  medical  schools,  which  are  a  disgrace  to 
American  medicine.  The  reviewer  is  of  the  opinion  that  in  general 
Dr.  Flexner  has  been  much  too  lenient  in  his  criticism,  for  he  praises 
whenever  there  is  opportunity.  The  truth  regarding  the  situation 
is  by  no  means  as  rosy  as  he  states  it.  After  the  ideal  is  reached,  as 
he  pictures  it,  the  medical  schools  will  still  be  far  from  being  great 
productive  centers — a  dream  which  he  holds  out  for  New  York  City 
only.  We  may  all  continue  to  be  optimistic,  for  five  or  six  really  great 
men  will  make  a  great  medical  school  anjrwhere.  It  may  be  that  the 
time  is  ripe  for  this  possibility,  and  if  so,  really  great  medical  schools 
will  be  found  in  a  relatively  large  number  of  states. 

Dr.  Flexner  classifies  the  mescal  schools  according  to  their  entrance 
requirements.  The  first  class  is  formed  of  those  medical  schools  requir- 
ing at  least  two  years  of  collegiate  work,  twenty-five  in  number.  In 
these  schools  the  professor  of  anatomy  usually  has  the  degree  of  M.D., 
in  some  few  instances  the  degree  of  Ph.D.  He  is  nearly  always  a 
professional  anatomist.  As  exceptions,  there  may  be  mentioned  Western 
Reserve  of  Cleveland  and  Cornell  in  New  York  City,  in  which  schools 
the  anatomists  are  active  surgeons.  "The  practitioner  usually  lacks 
impartial  and  eager  scientific  spirit;  he  can  at  best  give  set  hours  to 
teaching,  and  these  are  not  infrequently  interrupted  by  the  patient's 
superior  claims;  of  course  he  has  little  or  no  time,  and  little  zest  for 
research."  (Page  72).  It  may  be  added  that  even  this  little  zest  is 
not  always  possessed  by  the  professional  anatomist.  Until  it  is,  this 
argument,  which  is  the  strongest,  will  not  always  be  accepted.  Doctor 
Flexner  is  of  the  opinion  that  a  uniform  curriculum  of  hours  in  anatomy 
is  neither  feasible  nor  desirable.    The  endeavor  to  improve  medical 
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education  through  an  iron-clad  prescription  of  hours  is  wholly  mis- 
taken. It  cannot  materially  improve  the  poorer  schools,  and  very 
seriously  hampers  the  competent  institutions.  If  teaching  is  in  inferior 
hands,  printed  directions  will  not  improve  it.  The  prescribed  curricu- 
limi  is  a  useful  staff  in  the  hands  of  those  who  have  not  strength  to  walk 
alone.  Fortunately  in  these  better  schools  the  practice  varies  widely, 
and  Doctor  Flexner  gives  all  of  the  desired  data  relating  to  anatomy. 
He  apparently  approves  of  the  elective  system  and  in  freedom  for 
mature  students.  In  the  University  medical  school  the  studies  may  be 
concentrated,  and  need  not  be  given  out  in  small  doses,  as  is  the  case 
in  weaker  schools  dealing  with  immature  students.  In  the  former  the 
b^inning  student  devotes  all  his  time  to  anatomy,  and  of  necessity 
the  staff  must  be  on  hand  all  day  as  in  any  other  well  equipped  labora- 
tory. The  student  should  be  permitted  to  work  any  time,  according 
to  Virchow's  motto,  and  the  teachers  should  be  so  devoted  to  their 
work  that  nothing  will  take  them  away  from  it.  This  is  possible  only 
with  a  research  staff. 

The  schools  of  the  second  order  are  those  having  entrance  require- 
ments of  graduation  from  an  approved  high  school  or  less,  about  one 
hundred  and  twenty-five  in  number.  These  are  classified  as  follows: 
1,  Those  that  by  careful  selection  of  students  and  extraordinary  pains 
in  teaching  make  the  very  most  of  the  situation.  2,  Those  that  are 
content  to  operate  on  a  lower  plane,  but  are  still  commercially  effective. 
3,  Those  that  are  frankly  mercenary.  The  first  group  form  a  small 
minority.  They  are  generally  too  good  for  the  students  they  get — 
McGill,  Toronto,  New  York,  Syracuse,  Jefferson,  Northwestern,  Tu- 
lane,  Texas,  St.  Louis.  The  latter  affords  an  excellent  example  of  a 
■  brave,  uphill  contest,  through  the  intensive  cultivation  of  anatomy  and 
physiology.  Eycleshymer  has  here  created  a  productive  department 
which  has  invigorated  the  entire  school.  It  may  be  of  interest  to  presi- 
dents and  clinicians  to  know  that  Eycleshymer  is  an  anatomist,  a  Ph.D., 
and  not  a  surgeon.  I  desire  to  emphasize  this  point  because  an  exten- 
sive experience  with  both  classes  of  oflScers  makes  this  necessary. 

In  the  second  group  anatomy  is  inert,  and  usually  goes  with  surgery. 
There  are  usually  no  decent  teaching  faciUties;  material  abounds,  but 
the  practitioner-anatomist  does  not  make  use  of  it.  If  he  is  a  good  man, 
practice  calls  him,  and  if  he  is  a  poor  practitioner  he  usually  does  not 
know  how  to  make  best  use  of  anatomical  material.  In  such  schools 
the  anatomical  laboratory  is  a  mere  dissecting  room,  in  which  the  stu- 
dent is  required  to  dissect  portions  of  the  cadaver  under  the  guidance 
of  an  upper  class-man,  or  recent  graduate.  Into  none  of  these  schools 
have  modem  ideas  as  to  the  conduct  of  the  department  of  anatomy 
permeated.  The  story  is  too  well  known  to  continue.  It  would  be  a 
blessing  to  the  nation  if  all  of  these  schools  were  abolished. 

There  is,  however,  a  third  group  which  is  still  worse.  Their  main 
weapon  is  the  quiz-compend.  Doctor  Flexner  states  that  it  is  stretch- 
ing the  term  laboratory  to  use  it  in  connection  with  such  schools.  They 
are  closely  associated  with  homeopathy,  osteopathy  and  ignorance. 
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They  are  institutions  of  quackery.  No  equipment  will  ever  improve 
them,  and  they  especially  keep  our  profession  in  bad  repute.  No 
decent  doctor  can  afford  to  have  anything  to  do  with  them. 

It  is  impossible  in  the  pages  of  the  Anatomical  Record  to  enter 
more  fully  into  this  valuable  and  conservative  report.  It  is,  however, 
sincerely  hoped  that  all  anatomists  who  may  not  have  seen  it  may  pro- 
cure a  copy  for  thorough  study.  That  its  publication  caused  so  great 
a  commotion  is  a  most  healthy  sign. 

It  falls  upon  all  anatomists  to  prepare  for  the  near  future.  There 
will  be  need  of  many  trained  anatomists,  who  are  at  the  same  time 
scientific  investigators.  Never  was  the  demand  for  such  greater  than 
now,  and  it  is  reasonable  to  hope  that  the  cf^reer  of  the  teacher  of  anat- 
tomy  will  soon  be  greatly  bettered.  The  research  departments  of 
anatomy  in  this  country  should  give  every  encouragement  to  students 
inchned  toward  anatomical  research,  in  order  that  we  and  our  succes- 
sors may  do  our  part  in  the  medical  reform  which  confronts  us.  How 
great  the  field  is,  the  report  of  Doctor  Flexner  has  pointed  out. 

Franklin   P.   Mall. 


Digitized  by 


Google 


Deforest's  formula  for  ^^an  unsymmetrical 
probability  curve'' 

SHINKISHI  HATAI 
The  Wiatar  InBiittUe  of  AncUomy 

In  presenting  a  long-forgotten  investigation  by  E.  L.  DeFor- 
est  ('82-83)  on  ''an  unsymmetrical  probability  curve,"  the  writer 
wishes  to  call  attention  to  the  fact  that  the  first  systematic  analy- 
sis of  the  subject  was  attempted  by  DeForest  and  as  a  result  he 
obtained  a  formula  which  is  identical  with  that  for  Professor 
Pearson's  ('95)  generalized  probability  curve.  DeForest  suggests 
further  that  by  retaining  the  higher  derivatives  a  more  general 
formula,  of  which  the  formula  already  found  will  be  a  particular 
case,  may  be  obtained  from  his  original  differential  equation. 
Thus  DeForest's  investigation  is  not  only  interesting  from  an 
historical  standpoint,  but  still  more  from  the  fact  that  the  same 
formula,  though  in  different  terms,  has  been  derived  from  entirely 
different  methods  of  analysis  by  Professor  Pearson.  This  fact 
furnishes  good  evidence  as  to  the  validity  of  Professor  Pearson's 
theoretical  assumption. 

As  the  investigation  was  published  a  number  of  years  ago,  the 
original  paper  by  DeForest  is  difficult  to  obtain,  and  so,  for  the 
reader  who  is  anxious  to  see  the  method  of  mathematical  analysis 
adopted  by  him,  I  venture  to  present  in  the  following  pages  some 
of  the  important  points  which  directly  concern  the  derivation  of 
his  final  formula.  I  shall  also  add  a  mathematical  process  of 
transformation  of  Professor  Pearson's  formula  to  that  of  DeForest. 
For  numerous  other  important  and  interesting  points,  the  reader 
must  refer  to  the  original  memoirs. 

DeForest  employed  this  reasoning: 
Let  the  following  be  a  given  polynomial 

X-mZ-*"  + +  X.,Z-^   +  Xo  +  XiZ^  + +  X^Z".       (1) 
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Its  expansion  to  the  k  power  may  be  written 

L,^  Z-^-  + +L,Z-^  +lo  +  UZ^  + +  Z,^Z--.     (2) 

From  the  relations 

(X_  Z-   +     ....      +X^  Zn''   =  U^  Z--   +     ....      +kmZ''^ 

we  have 

K  log  (X>^  Z—  + . . .  .  +  X,  Zn  =  log  (L,,  Z--  +....+  /^^  Z-) 

which  holds  good  for  all  values  of  Z.  By  differentiation  with 
respect  to  Z  and  then  clearing  of  fractions  it  becomes 

ic(-.X^„,Z— ^  . .  .  +mX,Z-0  (U^Z--  +  . . . .  +Z,,  Zn  =    ^3^ 

(X_^  Z--   +....  +  X^  Z")  (-KmU.    Z-*^— ^     .  .  .  .  +     KmU    Z'^'""'.) 

Forming  the  coefficient  of  Z*~'  in  the  polynomial  product,  and 
remembering  also  that  the  rank  of  the  middle  /  of  this  group 
reckoned  from  h  is  i,  we  get,  by  equating  the  two  to  each  other 
by  the  principle  of  undetermined  coefficients, 

In  the  second  member,  let  that  part  which  does  not  have  the  co- 
efficient i  be  transferred  to  the  first  member,  then 

—  m\_jnli+m~ +'"X^/j_,„=  -    (X_^/t.|-,„+    .  .  .    +X^/,_,„).  (4) 

Clearly  then  any  coefficient  h  in  the  expansion,  and  the  2m  co- 
efficients nearest  to  it,  will  be  connected  by  the  relation 

(Xi/j_i— X_iZi+i)+2(X2/»-2  — ^-2^f2)  + +»'(Kih-m  —  ^-Ji+fn^    ^  _  ^'        /-a 

This  is  the  fundamental  principle  of  DeForest's  analysis  in  his 
numerous  interesting  studies  on  the  theory  of  probability.     Let 
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U+u  k-u  etc.,  in  (5)  be  expressed  in  terms  of  li  and  their 
diflferences.  For  this  DeForest  refers  to  a  convenient  formula 
given  by  Lacroix  (Cal.  diff.  et  int^g.,  Paris,  1819)  as  follows: 

li^  =  li-^  Ai+A2-{-       ^^      Aa-f-  A4+  _ A6+etc.(6) 

For  brevity  let  us  write  also 

6o  =  Xo+(Xi+X_i)+     (X2+X_2)+ +       (X,^+X-J 

61=  1  (Xi-X_x)+2(X2-X_2)+  ....  +w(X,„-X_J 
62=  P(Xi+X_x)+22(X2+X_2)+  ....  +mHX,„-X_J 
63=        l'(Xi-X_i)+2»(X2-X_2)+    ....    +m'(\^-\^J  (7) 

etc.,  etc. 

Denoting  the  numerator  and  denominator  in  the  first  member  of 
(5)  by  .V  and  D  respectively,  we  get 

iV=6i/^-Mi+-M2~  ^  (b,-b2)A,  +  -(b,-hs)Ai 
2  3!  4! 

-  ^  (66-564+462)^5+  ^  (67-565+463)A6 
5!  6! 

-  ^  (68-866+1964- 1262)A7+ 

7! 

D=  6o/.-6iAi+^62A2-  ^  (63-6i)A3+  ^  (64-62)A4 
2  3 !  4 ! 

-  ^  (65-r)63+46i)A6+  \(66-564+462)A6 
5!  G! 

-  ^  (67-865+1963-126i)A7+ (8) 


/  ! 


or       = 

D         K+\ 


When  K  becomes  infinite,  and  the  successive  values  of  I  are  re- 
garded as  consecutive  ordinates  to  a  limiting  curve,  we  have 

li  =  y  Ai  =  dy  A^^dHf  As  =  (Py,  etc., 
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and  at  the  same  time  when  the  ordinates  are  set  close  together, 
the  abscissa  x  corresponding  to  any  t/  is  a:  =  idx.  Thus  (8)  be- 
comes the  differential  equation  of  the  curve,  and  bo,  bi,  bs,  etc., 
are  constants,  and  in  fact  are  the  successive  moments  of  the  area 
bounded  by  the  curve  and  the  axis  of  abscissas,  these  moments 
being  taken  about  a  vertical  axis.  Since  any  given  polynomial 
may  be  reduced  to  one  in  which  2(X)  =  1,  by  dividing  it  through- 
out by  the  sum  of  its  coeflBcients,  we  therefore  consider  bo  =  1. 
If  a  constant  number  is  added  to  or  subtracted  from  all  the  ex- 
ponents of  2  in  (1),  it  will  not  alter  the  value  of  Z  in  (2).  Hence 
by  making  Z^  the  abscissa  of  the  center  of  gravity,  6i  becomes 
zero.  Then  any  constant  bn  in  (7)  will  denote  the  sum  of  the 
products  formed  by  multiplying  each  X  into  the  nth  power  of  its 
abscissa  reckoned  from  the  new  origin,  if  the  common  interval 
Ax  between  the  abscissa  is  regarded  as  imity.  With  the  above 
transformations,  we  may  now  write  (8)  in  the  following  forms: 

My-i&scPy+i  (^4-  WcPy  -  etc.  ^     -x_  .^^ 

y+hb2dhj-ibscPy+  etc.  {K+l)dx 

In  the  denominator  of  the  first  member  let  cPj/,  d^yy  etc.,  be 
neglected  in  comparison  with  y  and  in  the  numerator  let  d^y,  d*j/, 
etc.,  be  neglected  in  comparison  with  dy.     Since  k  is  infinitely 
large,  we  may  write  k  instead  of  k  +1. 
Therefore 

dy-hOh-^h^dJ^y  ^    -x 
y  KbT/dx 

Invert  both  members  of  this  equation,  subtract  5(63^62)  from 
each  and  invert  them  both  back  again.     This  gives 

dy-^ib^-i-hda^y  _  -x  .^^^ 


y-i{bz^  d2)dy  +  i{bz  ^  d2)'d'y      Kb,^+  K^s  -  Wx 

Thus  far  we  have  carried  on  our  treatment  on  the  assumption 
that  the  origin  of  Z^  in  the  expansion  is  located  at  the  center  of 
gravity  for  the  coeflScient  I  in  (2),  which  became  the  ordinate  j/ 
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to  the  limiting  curve.  Now  in  (10)  let  the  origin  be  transferred 
from  the  center  of  gravity  to  another  convenient  point  by  put- 
ting 

in  place  of  x.     This  gives 

dy-  h{hz^lh)d^y  _  AKkiidx-2{hz^h^x 
y-h{bs^fh)dy    "         (63-62)^         '  ^ 

In  the  first  member,  the  numerator  is  the  differential  of  the  denom- 
inator. Without  any  further  change  of  origin,  we  can  write 
approximately  as  follows: 

y  =  y  +  i(^  -^  b^dy,  X  =  x  +  ^{bz  -^-  b^^dx 

Neglecting  d^y  in  the  numerator  and  d^  in  the  denominator,  we 
get 

dy  ^  iKbzdx  -  (63  -^  b^Mx  -  2(63  -  b2)x 

y  "■         (63  -  bd^lx  +  i(fe«  -  Wcte] 

Since  the  denominator  y  in  the  first  member  is  supposed  to  be 
infinitely  greater  than  the  numerator  dj/,  the  denominator  in  the 
second  member  must  be  infinitely  greater  than  its  numerator, 
so  that  in  the  denominator  we  may  neglect  dx  in  comparison 
with  X.  Further  let  the  constants  be  expressed  by  means  of  the 
two  new  constants 

«  =  ?^/!f^^  ^  =  '^^^^''  (13) 

63  (^)^ 

Since  k  is  supposed  to  be  an  infinity  of  the  second  order,  b  rep- 
resents a  finite  area.     The  equation  will  now  stand 

^  =  ^(a26  -  1)  -  (Kte,  (14) 

y      X 
and  integration  gives 

log  y  =  {a^b  -  Dlog  x  -  ax  -h  log  C 

It  now  remains   to  determine  the  constant    C  in   (15).     Since 
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2(X)  =1  in  the  given  polynomial  and  i:(/)  =  1  in  its  expansion,  we 
shall  have  r(j/)  ==  1  in  the  formula  (15).  The  y  which  DeForest 
uses,  represents  an  elementary  area,  so  that  it  should  be  under- 
stood to  mean  ydx  in  modern  notation.  Thus  equation  (18), 
omitting  dx,  gives  the  equation  of  the  curve.  Thus  we  have  in 
DeForest's  notation: 

]    f     ydx=\:,      i^      r(ax)-^^-»e-"rf(«a:)  =  l, 
(IX  J  a  a     (ix  Jo 

which  gives  at  once  the  value  of  C  and  we  have 

the  complete  equation  of  the  curve  sought. 

If  we  now  transfer  the  origin  of  coordinates  to  the  center  of 

gravity  by  puttings  H ——  in  (11)  or  x   -\-  ah  in  place  of  x 

in  (16),  we  have 

abT{a^b)\  e  /      \         abl  ^ 

Applying  a  known  formula  for  r(n) 

r(n)  =  (^)"j2'r(i+    1+1.    .etc.) 
W/ \    n  ^         12n      288/i2  / 

(17)  is  reduced  to 

(l+M"^"V'*'  (18) 

[)\       ab/ 

1  ll 

where  ^=1+ +  '       +  etc. 

I2a^b      288(a26)2 

Returning  to  the  meaning  of  the  constants,  a  in  (13)  may  be  writ- 
ten 

\b^(ix)y     \KbM^')y 

This  shows  that  the  part  within  the  parenthesis  may  be  regarded 
as  the  square  of  the  quadratic  radius  divided  by  the  cube  of  the 


dx 

y=  — 
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cubic  radius,  either  in  the  first  power  of  the  polynomials  or  in 
its  expansion  to  the  k  power. 

The  value  of  a  and  b  may  thus  be  expressed  by  means  of  the 
coefficients  X  in  the  given  polynomial,  or  by  means  of  the  ordi- 
nates  y  to  the  limiting  curve.  When  the  X's  and  j/'s  are  all  pos- 
itive Kb2{dxy  is  the  square  of  the  quadratic  mean  error  *^e^  and 
Kbz(dxy  is  the  cube  of  what  DeForest  calls  the  cubic  mean  in- 
equality ''^.'' 

The  constants  in  (13)  will  then  be 

It  will  be  seen  then  that  the  constants  e^  and  ^  are  respectively 
the  second  and  third  moments  of  Pearson  and  therefore  can  be 
advantageously  determined  by  his  method.  The  above  sketch 
should  enable  the  reader  to  get  an  idea  of  the  method  of  DeForest 's 
analysis,  and  this  was  my  object  in  presenting  it.  The  proper- 
ties of  the  formula  as  well  as  the  method  of  transformation  of 
the  present  formula  to  the  normal  probability  form  are  adequately 
treated  in  the  original  paper  of  DeForest.  However,  regarding 
these  points,  the  reader  will  get  still  better  information  from 
Pearson^s  discussion  on  his  curve  of  Type  III. 

Although  I  have  not  given  the  process  of  transformation  of 
the  formula  to  the  normal  form,  DeForest's  statement  in  this 
connection  will  be  worth  noting.  He  states  that  he  would  have 
obtained  the  normal  form  directly  from  the  equation  (9)  if  he 
had  neglected  (Py.  If  instead  of  retaining  only  dy  and  d^  he 
should  also  retain  d^y,  the  resulting  equation,  provided  such  is 
integrable,  would  doubtless  give  a  limiting  curve  of  a  still  more 
general  form,  of  which  the  curve  derived  from  (18)  is  but  a  par- 
ticular case.  Thus  he  thought  that  the  probability  curve  and 
his  curve  (18)  are  only  the  first  and  second  approximations  to 
the  actual  form  of  an  expansion  to  a  high  power. 

From  the  foregoing  discussion  the  reader  will  notice  a  close 
similarity  between  DeForest's  formula,  and  Pearson's  formula 
for  the  curve  of  Type  III.  For  convenience,  I  shall  enumerate 
some  of  the  similar  properties  in  these  two  curv^es. 
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(1)  Both  are  the  skew  binomial  curves. 

(2)  The  curve  is  limited  on  one  side  the  mean. 

(3)  The  analytical  constants  are  determined  from  the  first 
three  moments. 

(4)  Both  can  be  reduced  to  the  normal  form. 

(5)  Each  is  a  particular  case  of  a  more  general  formula. 

It  will  be  demonstrated  in  the  following  pages  that  although 
these  two  formulas  show  no  more  apparent  similarity  yet  the 
formulas   are   identical: 

From  the  differential  equation      -^  =  -  ' 

2m, 
Professor  Pearson  obtained  his  formula  for  the  curve  of  Type  III 
which  is  usually  written  in  the  following  form: 

y.'.^J^h^A-e-..  (20) 


a   e'Tip+l)  \        a 
The  following  relations  are  also  given 

p+1  2m,  4  m;      ^  p 

v^  M,  ^!  ^ 

Since  the  distance  of  the  centroid  vertical  from  the  axis  of  y  or 
ma\inmm  ordinate  is  ^  '>  by  changing  the  value  of  x,  that  is, 
putting 

x^x  +  h"' 

M2 

(20)  is  reduced  into  the  following 

a  eTCp+l)    \         2m;_  m,  j 

"«r(;+i)(i-  ^iry    '^>-r'     '  " 

\  ^  Mj 
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X 


-1  ^^% 


e       Ma 


'^'^ 


(p+ir 

and  finally,  as  the  result  of  transferring  the  origin  to  the  centroid 
vertical,  we  obtain 

^        V2;rM2        "  r(p+l)  V         2/z:-M3/     • 

If  we  now  apply  to  the  above  (21)  DeForest's  notation,  that  is, 

/X2  =  6  and  2mj  -t-  /za  =  a 
we  obtain  at  once 

va'6-l 


_  2^ 
'"'•"(21) 


^      «    _  »^2,r(p+l)c-(p+l)(p+l)''. 


where 

^  2«-w  r(p+i) 


It  only  remains  to  see  whether  or  not  yi  in  Pearson's  formula  is 
identical  with  DeForest's  C. 
We  have 

^'       »/  2«-6  "  "  ria%) 

=  ae        a^b 

Using  the  approximation  formula  for  r(n)  which  DeForest  uses 
(18)  we  have 


yi= 


/a^b'' 


'Hi^^' 
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_       a  II V  a^h  ^        a 

kV  2n  a^b  kV  2irb 

Since  a  is  unity  in  DeForest's  formula,  thus  Pearson's  formula 
for  the  curve  of  Type  III  immediately  reduces  to  DeForest's. 
That  is 

va'6-l 


kV  2Trb  V  (lb/ 


Thus  DeForest's  formula  presents  several  interesting  points 
which  I  herewith  enumerate  as  the  conclusion  of  the  present 
report. 

(1)  DeForest's  investigation  gives  an  additional  proof  for 
the  theoretical  basis  of  Pearson's  generalized  probability  curv-e. 

(2)  DeForest's  investigation  is  interesting  from  an  historical 
standpoint  since  he  actually  obtained  one  of  Pearson's  curves 
many  years  ago,  and  his  work  suggests  a  more  generalized  curve. 

(3)  Since  DeForest's  formula  (see  (18),  p.  286)  retains  an  ele- 
mentary character,  the  curve  fitting  can  be  accomplished  with 
comparatively  small  labor,  and  it  can  advantageously  be  used  in 
place  of  the  formula  of  Pearson  for  the  curve  of  Type  III. 
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ON   THE   OCCURRENCE  OF  PULMONARY  ARTERIES 
ARISING  FROM  THE   THORACIC   AORTA 

ROLLO  E.  McCOTTER 

From  the  Anatomical  Laboratory,  University  of  Michigan, 

WITH  ONE  FIGURE 

In  the  light  of  the  recent  advances  that  have  been  made  in  our 
knowledge  concerning  the  early  stages  in  the  development  of 
the  vascular  system,  vascular  anomalies  take  on  a  new  interest. 
It  is  with  this  in  mind  that  the  writer  reports  the  following  apn 
parently  rare  case  of  an  accessory  pulmonary  artery  arising  from 
the  lower  part  of  the  thoracic  aorta. 

The  present  case  was  observed  in  the  anatomical  laboratory  of 
the  University  of  Michigan.  It  occurred  in  a  well  nourished 
male  white  subject  of  medium  height  and  build,  aged  65  years. 
The  cause  of  death  was  recorded  as  ''heart  disease. '^  Upon  dis- 
section of  the  body  the  following  conditions  were  found.  From 
the  front  of  the  thoracic  aorta,  on  a  level  with  the  tenth  thoracic 
vertebra,  7  cm.  above  the  cceliac  axis,  there  was  given  off  an  arte'-y, 
7  mm.  in  diameter,  which  passed  upward  and  to  the  right  between 
the  folds  of  the  ligamentum  latum  pulmonis  to  the  lower  inner 
margin  of  the  right  lung.  Here  it  entered  the  substance  of  the 
lung  and  broke  up  into  branches  which  ramified  among  the  lob- 
ules of  the  lower  lobe,  as  is  shown  in  the  accompanying  figure. 
There  was  no  vein  accompanying  the  artery.  The  lung  itself 
otherwise  appeared  normal.  From  the  aorta  there  were  given 
off  the  usual  number  of  intercostal  arteries.  Aside  from  the  pres- 
ence of  the  accessory  pulmonary  artery  the  pleura  and  structures 
in  the  mediastinum  appeared  entirely  normal. 

On  reviewing  the  Hterature  we  have  found  nine  cases  recorde<l 
of  accessory  pulmonary  arteries,  in  seven  of  which  the  accessory 
arteiies  arose  from  the  thoracic  aorta,  one  was  given  off  from  the 
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abdominal  aorta,  and  one  from  an  intercostal  artery.  In  four  of 
them  as  in  the  present  case,  the  lung  was  otherwise  normal.  In 
the  remaining  five  cases  the  arteries  supplied  accessory  lobes. 

The  first  case  was  reported  by  Huber  (1777),  who  found  in  a 
two-year-old  female  child  a  large  trunk  arising  from  the  thoracic 
aorta  on  a  level  with  the  seventh  thoracic  vertebra,  which  went 


Aorta  A  pulmon  access 

to  the  lower  lobe  of  the  right  lung,  where  it  entered  the  lung  sub- 
stance along  its  lower  margin.  In  its  course  it  gave  off  branches 
to  the  oesophagus  and  bronchial  glands.  Maugars  ('02)  described 
a  case  occurring  in  a  seven-year-old  child  in  which  the  abdominal 
aorta  gave  off  an  artery  5  mm.  in  diameter,  which  passed  upward 
through  the  oesophageal  opening  in  the  diaphragm.     After  giv- 
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ing  off  branches  to  that  muscle  it  divided  into  two  trunks,  one 
going  to  the  lower  lobe  of  each  lung.  Meckel  ('20)  described  a 
case  occurring  in  a  nine-months- old  child,  where  an  artery,  9  mm. 
in  diameter,  was  given  off  from  the  thoracic  aorta  about  1  cm. 
above  its  passage  through  the  diaphragm.  It  passed  upward  and 
to  the  left  to  reach  the  lower  border  of  the  left  lung,  and  divided 
into  a  medial  and  a  lateral  branch.  The  former  was  distributed 
to  the  lower  portion  of  the  lower  lobe  of  the  left  lung.  The  lateral 
branch  could  not  be  followed.  The  vein  that  accoiicipanied  this 
artery  terminated  in  the  left  pulmonary  vein.  Hyrtl  ('39)  re- 
corded the  occurrence  in  a  new-bom  child  of  a  pulmonary  artery 
given  off  from  the  thoracic  aorta  supplying  the  left  lower  lobe, 
the  left  pulmonary  artery  proper  supplied  only  the  left  upper 
lobe. 

It  will  be  seen  that  these  four  cases  are  essentially  similar  to  our 
case.  They  differ  only  in  that  they  were  found  in  very  young 
subjects.  In  one  of  them  the  artery  supplied  the  right  lung  as  in 
our  case;  in  two  of  them  it  supplied  the  left  lung,  and  in  the  re- 
maining case  it  arose  much  lower  down,  below  the  diaphragm,  and 
supplied  both  lungs. 

In  the  following  five  cases  the  lungs  were  abnormal;  Rektorzik 
('61)  described  a  case,  observed  in  the  body  of  a  well-nourished 
girl  who  had  died  of  peritonitis,  of  an  accessory  lobe  4  cm.  long, 
2i  cm.  wide,  and  1§  cm.  thick.  The  lobe  was  situated  between 
the  left  lung  and  the  diaphragm.  At  the  level  of  the  tenth  ver- 
tebra an  artery  2  cm.  long  and  having  a  diameter  about  the  same 
as  the  left  renal  entered  at  the  inner  surface  of  the  accessory  lobe, 
where  it  divided  into  a  number  of  branches.  A  single  vein  ac- 
companied the  artery  and  terminated  in  the  hemiazygos.  Roki- 
tansky  ('61)  found  in  the  left  pleural  sac  of  a  three-months-old 
child  between  the  normal  left  lung  and  the  diaphragm,  an  acces- 
sory lobe,  conical  in  shape  and  containing  no  branches.  Two  arter- 
ies, which  arose  close  to  one  another  from  the  thoracic  aorta  on  a 
level  with  the  tenth  intercostal  space,  entered  the  inferior  surface 
of  the  accessory  lobe.  A  single  vein  accompanied  the  artery  and 
terminated  in  the  vena  azyo;os.  Huge  ('78)  described  a  case  in  a 
new-bom  child  where  an  accessory  lobe,  situated  between  the  left 
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lung  and  the  diaphragm,  received  its  blood  supply  by  a  small 
artery  arising  from  the  seventh  intercostal.  Humphrey  ('85), 
during  a  postmortem  examination  on  a  year-old  child,  observed 
an  accessory  lobe  between  the  base  of  the  left  lung  and  the  dia- 
phragm. A  small  pedicle  which  contained  a  small  artery  aris- 
ing from  the  aorta  and  a  vein  which  entered  the  hemiazygos  con- 
nected the  accessory  lobe  with  the  mediastinum.  The  most 
recent  case  was  described  by  Simpson  C07),  who  found  in  a  full 
term  foetus,  jgituated  below  the  right  lung,  an  accessory  lobe  con- 
nected to  the  mediastinal  space  by  a  pedicle  which  contained  an 
artery,  the  size  of  the  internal  carotid,  which  sprang  from  the 
aorta  on  a  level  with  the  tenth  thoracic  vertebra.  In  these  cases 
of  accessory  pulmonary  arteries  connecting  the  systemic  circu- 
lation with  abnormal  lungs  one  occurred  on  the  right  side  and  four 
on  the  left.  Like  the  first  four  cases  of  normal  lungs,  they  oc- 
curred in  very  young  individuals. 

Accessory  pulmonary  arteries  have  been  described  in  certain 
vertebrates  (amphibia  and  reptiles).  Mudge  ('98)  described  a 
case  occurring  in  a  frog  w^here  the  caudal  tip  of  the  right  lung  was 
supplied  by  an  artery  arising  from  the  coeliac  artery.  The  caudal 
tip  of  the  left  lung  was  supplied  by  two  arteries  arising  from  the 
superior  mesenteric  artery.  These  arteries  were  accompanied 
by  veins  that  terminated  in  the  portal  vein.  A  similar  case  has 
since  then  been  described  by  Warren  ('00).  In  the  necturus  there 
was  reported  by  Williams  ('09)  an  artery  arising  from  the  seventh 
intercostal  artery,  which  reached  the  caudal  tip  of  the  left  lung 
and  passed  to  the  cephalic  extremity  along  the  inner  surface, 
giving  off  many  branches  to  the  lung  substance  in  its  course.  Ac- 
cording to  Hyrtl  ('37)  and  later  confirmed  by  Calori  ('42),  acces- 
sory pulmonary  arteries  occur  normally  in  ophidia.  He  ob- 
served a  series  of  arteries  arising  from  the  aorta  which  passed 
laterally  to  the  posterior  vesicular  portion  of  the  much  elongated 
lung. 

For  an  explanation  of  vascular  anomalies  of  this  character  we 
must  undoubtedly  look  to  the  developmental  factors  involved. 
It  is  now  generally  believed,  owing  to  the  researches  of  Thoma  and 
more  recently  of  Evans,  that  the  blood  vascular  system  begins 
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as  a  capillary  plexus  (area  vasculosa)  which  spreads  in  all  direc- 
tions. Subsequently  channels  develop  through  the  capillary  net 
which  enlarge  and  become  arteries  and  veins,  according  to 
whether  the  channel  develops  on  the  arterial  or  venous  side  of  the 
extending  plexus.  Many  of  the  capillary  connections  between 
the  main  channels  finally  disappear. 

According  to  Flint  and  Evans,  who  worked  on  pig  embryos,  a 
plexus  is  formed  which  extends  caudad  from  the  developing  pul- 
monary arches  and  envelopes  the  lung  anlage  in  a  rich  capillary 
net.  It  is  supposed  that  the  pulmonary  arteries  are  normally 
formed  as  channels  in  this  plexus.  In  cases,  however,  like  those 
we  have  been  considering,  where  the  pulmonary  artery  arises 
from  the  thoracic  aorta,  we  must  conceive  of  a  plexus  extending 
laterally  from  the  primitive  aorta  and  joining  the  pulmonary  cap- 
illary plexus  mentioned  above,  resembling  the  capillary  net  that 
extends  laterally  from  the  developing  aorta  to  the  limb  buds  as 
described  by  Evans.  It  is  probable  that  we  have  to  do  with  one 
of  two  conditions ;  firstly,  it  may  be  that  a  lateral  primary  cap- 
illary connection  between  the  lung  anlage  and  aorta  is  always 
present,  and  that  this  usually  atrophies  with  the  disappearance 
of  the  vascular  connection  between  the  lung  and  aorta.  Occa- 
sionally a  permanent  channel  is  developed  through  it,  and  then 
we  have  the  rare  condition  present  which  we  have  just  reported. 
Secondly,  it  is  possible  that  only  occasionally  a  capillary  plexus 
is  laid  down  between  the  aorta  and  lung  anlage,  resulting  in  the 
production  of  a  permanent  channel  constituting  an  accessory 
pulmonary  artery.  The  frequent  occurrence  of  small  arteries 
extending  laterally  from  the  aorta  between  the  folds  of  the  liga- 
mentum  latum  pulmonis  to  the  lung,  as  described  by  Turner, 
and  which  I  have  frequently  confirmed  in  this  laboratory,  sup- 
port the  former  view.  But  we  cannot  expect  a  complete  explan- 
ation of  these  anomalies  until  the  detailed  development  of  the 
pulmonary  arteries  has  been  worked  out. 
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A   SPECIMEN    OF    ANNULAR    PANCREAS 

WESLEY    M.    BALDWIN 

From  the  Anatomical  Laboratory,  Cornell  University  Medical  College 

WITH  TWO  FIGURES 

Among  a  series  of  105  specimens  of  adult  human  pancreas 
and  duodena  recently  studied  in  the  anatomical  laboratory  at 
Cornell  University,  Ithaca,  N.  Y.,  one  specimen  of  annular  pan- 
creas was  discovered.  This  rare  and  interesting  anomaly,  in 
which  the  duodenum  is  encompassed  by  a  ring  of  pancreatic 
tissue,  I  have  been  able  to  find  reported  but  eight  times  in  the 
literature.  A  compilation  of  the  reports  upon  these  specimens 
is  herewith  presented. 

In  Ecker's  specimen,  removed  from  the  body  of  a  young  man,  a  nar- 
row band  of  uninterrupted  pancreatic  tissue  was  found  completely 
encompassing  the  descending  portion  of  the  duodenum.  A  duct  tribu- 
tary to  the  main  duct,  beginning  in  the  ventral  portion  of  the  head  of 
the  gland  in  the  neighborhood  of  the  main  duct,  coursed  ventrodorsally 
through  the  ring  of  pancreatic  tissue,  received  numerous  tributaries 
from  the  ring  and  head  and  terminated  dorsally  by  emptying  into  the 
main  pancreatic  duct. 

Judging  from  the  plate  accompanying  the  article,  the  duodenum  was 
constricted  at  the  level  of  the  ring  and  dilated  immediately  cephalic 
to  it.    No  mention  was  made  of  the  condition  of  the  stomach  in  this  case. 

In  Auberg's  case  cited  by  Ancelet,  the  terminal  portion  of  the  duo- 
denum was  imbedded  in  pancreatic  tissue,  the  description  giving  the 
impression  that  there  had  been  a  great  development  of  the  head  of  the 
pancreas.  There  was  some  narrowing  of  the  duodenum,  but  no  mention 
was  made  of  any  change  in  the  stomach. 

J.  Symington  describes  a  case  in  which  two  processes  of  the  pan- 
creas passed  from  the  cephalic  part  of  the  head  of  the  gland  towards  the 
right  side,  one  ventral  and  the  other  dorsal  to  the  duodenum.    They 
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blended  on  its  lateral  wall  so  as  to  form  with  the  head  of  the  gland  a 
ring  of  pancreas  encircling  the  duodenum.  The  processes  became  some- 
what narrower  as  they  passed  laterally,  and  the  portion  of  gland  on  the 
right  side  of  the  duodenum  was  about  12  mm.  in  vertical  extent.  The 
circumference  of  the  duodenum  where  it  was  surrounded  by  pancreas 
was  about  60  mm.,  while  cephalic  and  caudal  to  that  level  it  was  more 
than  three  times  as  large.  On  dissecting  out  the  ducts  of  the  pancreas, 
nothing  unusual  was  observed  in  their  arrangement.  The  common  bile 
duct  opened  into  the  duodenum  caudal  to  the  seat  of  constriction. 

Anton  Genersich  was  the  next  to  describe  a  specimen.  He  says  that 
he  found  in  the  body  of  a  37-year-old  man,  who  had  died  of  double 
pneumonia,  the  following  condition  of  the  pancreas :  The  head  of  the 
pancreas  was  unusually  large.  It  measured  ^'6  cm.  hoch,  7  cm.  breit.'^ 
A  process  of  normal  pancreatic  tissue  3  cm.  broad  passed  from  the  ventral 
surface  of  the  head  of  the  pancreas  transversely  across  the  ventral  sur- 
face of  the  descending  duodenum,  7  cm.  from  the  pylorus.  Turning 
around  the  right  surface  of  the  intestine,  this  process,  reduced  in  size 
to  1.5  cm.  breadth  and  0.8  cm.  thickness,  traversed  the  dorsal  surface 
of  the  duodenum,  and  with  a  breadth  slightly  augmented,  fused  with 
the  dorsal  surface  of  the  head  of  the  gland.  The  length  of  the  ring  was 
4.5  cm.  A  duct  coursed  from  the  ventral  limb  of  the  ring  through  the 
dorsal  limb  to  empty  into  the  ductus  pancreaticus.  At  the  ring  the  intes- 
tine was  narrowed  to  the  diameter  of  a  thumb  (6  cm.  circumference). 
The  portion  of  duodenum  cephaHc  to  the  ring  was  much  dilated  and 
had  thickened  walls.  The  stomach  itself  was  noticeably  dilated  with  a 
thickened  muscularis.  Caudal  to  the  ring,  the  duodenum  measured 
only  7  cm. 

Louis  Sandras  reported  a  specimen  taken  from  a  man  aged  seventy 
years.  A  ring  of  pancreatic  tissue  3.5  cm.  broad  surrounded  the  descend- 
ing portion  of  the  duodenum  causing  a  slight  constriction  with  a  sHght 
dilatation  immediately  cephalic  to  it. 

Dr.  Hugo  Summa  of  St.  Louis,  Mo.,  exhibited  a  specimen  of  annular 
pancreas  at  the  meeting  of  the  American  Medical  Association  at  Atlan- 
tic City,  N.  J.,  1900;  Dr.  J.  S.  Thacher  of  New  York  also  presented  a 
similar  specimen  in  1893.  Descriptions  of  these  specimens  are  not,  how- 
ever, at  present  available. 

Tieken's  specimen  was  from  a  man  thirty-four  years  old.  The  caudal 
part  of  the  descending  duodenum  was  surrounded  by  a  complete  ring 
of  pancreatic  tissue.  On  the  pancreatic  side  both  ventrally  and  dorsally, 
this  ring  measured  nearly  4  cm.  broad,  but  narrowed  to  2.75  cm.  on  the 
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lateral  side  of  the  duodenum,  where  it  was  1  cm.  thick.  This  caused  a 
constriction  of  the  duodenum  with  sacculation  of  the  intestine  cephalic 
to  the  narrow  portion,  dilatation  of  the  pylorus,  hypertrophy  of  its  walls, 
and  hypertrophy  of  the  walls  of  the  stomach  but  no  marked  dilatation. 
The  annular  band  was  loosely  adherent  to  the  duodenum .  The  pancreat  ic 
duct  opened  in  the  usual  way  in  common  with  the  bile  duct  at  the  cephalic 
part  of  the  ring.  The  vascular  supply  was  not  abnormal  and  sections 
from  head,  body,  and  annular  portion  showed  normal  pancreatic  tissue. 

In  the  Cornell  specimen,  there  is  nothing  deserving  of  special 
mention  in  the  head  of  the  pancreas.  The  pancreatic  duct  courses 
through  the  dorsocaudal  segment  of  the  head  of  the  gland,  while 
the  accessory  duct  occupies  its  usual  position  cephalic  and  ven- 
tral to  it.  The  bile  duct  joins  the  main  pancreatic  duct  as  usual. 
Springing  from  the  cephalic  part  of  the  ventral  surface  of  the  head 
of  the  pancreas,  a  narrow  band  of  pancreatic  tissue  2.0  mm.  thick 
and  9.0  mm.  broad  passes  transversely  across  the  ventral  surface 
of  the  pars  descendens  duodeni.  As  is  shown  in  the  photograph, 
this  ring  expands  abruptly  upon  the  lateral  aspect  of  the  duo- 
denum, measuring  31.0  mm.  in  the  cephalocaudal  diameter. 
Thence  it  passes  across  the  dorsal  surface  of  the  duodenum,  be- 
ginningwitha  breadth  of  17.0  mm.  and  expanding  to  31.0mm.  at  its 
junction  with  the  cephalic  portion  of  the  dorsal  surface  of  the  head 
of  the  gland.  The  ring  is  thickest  (7.0  nun.)  at  the  lateral  ex- 
pansion and  thinnest  on  the  ventral  surface  of  the  duodenum 
(2.0  mm.).  It  is  loosely  affixed  to  the  duodenal  wall  by  means 
of  connective  tissue. 

Ventrally  in  the  head  of  the  pancreas,  at  the  level  of  the  ring, 
there  begins  by  minute  radicles  a  duct  in  nowise  connected  with 
the  accessory  pancreatic  duct.  This  duct  courses  with  uniformly 
augmenting  calibre  through  the  middle  of  the  substance  of  the 
ventral  limb  of  the  ring  from  left  to  right,  thence,  through  the 
dorsal  limb  towards  the  head  of  the  gland,  where,  passing  dorsal 
to  the  conunon  bile  duct,  it  opens  with  a  diameter  of  3.0  mm.  into 
the  main  pancreatic  duct.  This  duct  drains  a  small  portion  of 
the  cephaUc  segment  of  the  head  of  the  gland  and  the  whole  of 
the  ring. 

The  duodenum  possesses,  when  flattened,  an  average  diameter 
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of  2.7  cm.  immediately  cephalic  to  the  ring  of  pancreatic  tissue, 
narrowing  quickly  to  2.0  cm.  at  the  ring  and  dilating  immediately 
caudal  to  4.0  cm.  There  is  no  thickening  of  the  duodenal  wall 
either  at  the  ring  or  cephalic  to  it.  The  stomach  is  neither  dilated 
nor  are  its  walls  thickened. 


Jl^ 


Duodenum 


Ring  of  Pancre- 
atic tissue 
(ventral  limb) 


Pancreas  (head) 


Ventral  Aspect 

An  explanation  of  the  cause  of  this  anomalous  condition  must 
be  sought  for  in  the  embryology  of  the  gland.  Zimmermann, 
Felix,  Jankelowitz,  Helly,  and  Ingalls,  among  others,  describe 
the  pancreas  as  arising  from  the  duodenal  wall  from  two  anlages, 
one  dorsal  and  one  ventral.     The  ventral  anlage  consists  of  two 
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parts,  left  and  right.  Ordinarily  the  left  half  atrophies.  The 
right  half  is  carded  around  dorsal  to  the  duodenum  consequent 
to  the  growth  and  rotation  of  the  duodenum  with  the  stomach. 
Ultimately  this  anlage  forms  the  caudal  segment  of  the  head  of  the 


PancreaA 

(head) 


Duodenum 


Dorsal   Aspect 

gland,  fusing  with  the  dorsal  anlage.  In  this  right  half  of  the 
ventral  anlage  the  terminal  portion  of  the  pancreatic  duct  is 
developed. 

It  is  a  significant  fact  that  the  specimens  of  annular  pancreas 
which  have  been  dissected  show  a  duct  traversing  the  ring  and 
joining  dorsally  with  the  main  pancreatic  duct,   not  emptying 
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into  the  accessory  duct.  This  seems  to  indicate  that  this  ring 
of  tissue  is  either  a  persistence  of  the  left  half  of  the  ventral 
anlage  or  an  excessive  growth  from  the  right  half  of  the  same 
anlage.  If  it  is  this  latter  case  the  excessive  growth  has  taken 
place  ventral  to  the  duodenum  and  to  the  left  at  the  time  that 
the  remainder  of  the  same  half  was  growing  or  being  carried 
dorsally  to  ultimately  fuse  with  the  head  of  the  gland. 
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PRACTIC'AL    STATE  BOARD  EXAMINATIONS 
IN    ANATOMY 

CHARLES    R.    BARDEEN 

University  of  Wisconsin,  Madison,  Wiscojisin 

During  the  past  twenty  years  the  states  of  this  Union  have 
almost  all  passed  laws  which  have  for  their  purpose  the  restric- 
tion of  the  practice  of  medicine  to  properly  qualified  physicians. 
The  determination  of  the  qualifications  is  entrusted  to  State 
Boards  of  Medical  Examiners.  The  qualifications  are  deter- 
mined in  part  by  the  standards  of  the  school  from  which  the  ap- 
plicant has  obtained  his  doctor's  degree,  in  part  by  a  special 
examination.  Many  states  have  reciprocal  relations  with  other 
states,  so  that  one  licensed  to  practice  in  one  state  may  obtain 
without  further  examination  a  license  to  practice  medicine  in 
another  state  with  which  the  first  has  reciprocal  relations. 

The  purpose  of  the  laws  regulating  the  practice  of  medicine 
is  excellent.  They  have  doubtless  played  some  part  in  further- 
ing the  splendid  advance  in  standards  of  medical  education  which 
has  been  taking  place  in  this  country  during  the  last  thirty  years. 
In  general,  however,  as  devised  and  executed,  they  come  very  far 
from  achieving  their  purpose  of  restiicting  medical  practice  to 
the  properly  qualified.  This  failure  is  due  chiefly  to  methods 
used  in  choosing  medical  examiners,  and  to  the  methods  used  in 
conducting  examinations. 

The  examiners  are  by  law  usually  restricted  to  those  who  have 
no  affiliations  with  any  medical  school,  and  as  a  rule  the  terms 
of  appointment  are  comparatively  short.  Most  of  them,  there- 
fore, necessarily  lack  the  experience  in  medical  science,  in  teach- 
ing, and  in  examining,  such  as  thoroughly  to  qualify  them  for 
testing  the  real  ability  of  the  candidates  for  license.  Fortunately 
there  are  apt  to  be  a  few  men  on  every  State  Board  who  through 
previous  experience  in  teaching  in  a  medical  school,,  or  through 
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natural  ability  and  deep  interest  in  medical  science  are  able  to 
keep  the  standards  from  falling  as  low  as  we  might  a  priori  expect. 
The  first  aim  of  those  interested  in  maintaining  by  law  high 
standards  in  the  practice  of  medicine  should  be  to  see  that  the 
state  laws  are  so  amended  as  to  permit  the  appointment  of  the 
most  competent  examiners  possible,  irrespective  of  affiUations 
with  medical  schools,  and  to  arouse  a  public  sentiment  which 
would  insist  upon  the  appointment  of  men  of  this  character.  The 
public  should  be  made  to  understand  how  seriously  important  it  is 
to  have  high  standards  in  medical  practice;  what  irreparable  harm 
may  be  done  by  incompetent  and  irresponsible  practitioners. 
The  public  could  well  afford  to  pay  liberally  for  the  services  of 
competent  men  to  serve  on  the  licensing  boards.  At  present,  if  we 
may  judge  of  public  opinion  from  legislative  action,  the  licensing 
of  physicians  is  largely  looked  upon  as  a  sort  of  trade-union  scheme 
devised  to  restrict  competition  among  physicians,  and  the  public 
insists  that  various  sorts  of  irregulars  shall  not  be  debarred  from 
entering  into  this  competition.  The  applicants  for  license  pay 
the  expenses  of  the  licensing  board.  The  broader  public  inter- 
ests are  lost  sight  of. 

Without  competent  examiners  it  will  do  little  good  to  change 
the  methods  of  conducting  examinations  yet  it  is  obvious  that 
the  methods  at  present  in  vogue  are  far  from  adequate  to  test 
the  fitness  of  candidates  to  practice  medicine.  Answers  to  a 
series  of  examination  questions  on  various  subjects  in  medical 
s^cience  and  medical  practice  are  hurriedly  written  during  sessions 
lasting  a  day  or  two;  each  examiner  reads  the  answers  to  the  series 
of  questions  which  he  has  set  and  the  candidate  is  given  a  license 
if  in  the  opinion  of  the  examiners  he  has  answered  correctly  a 
sufficient  number  of  the  questions  in  a  sufficient  number  of  sub- 
jects. The  test  is  one  solely  of  the  memory  and  to  a  less  extent 
of  the  power  of  written  expression.  No  test  is  made  of  the  most 
important  side  of  medical  education — the  training  in  scientific, 
chemical,  physical  and  biological  methods  and  in  the  application 
of  these  methods  in  medical  practice.  By  restricting  candidates 
to  graduates  of  medical  schools  coming  up  to  a  certain  standard 
some  training  in  method  is  assured.  As  a  rule,  however,  these 
standards  are  highly  artificial  and  relate  to  external  rather  than 
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internal  conditions;  to  requirements  for  admission  and  to  num- 
ber of  years  of  medical  study  demanded  rather  than  to  facilities, 
methods  of  teaching,  and  teachers.  If  medical  schools  could  all 
be  trusted,  the  doctor's  degree  would  be  all  that  should  be  necessary 
to  entitle  a  man  to  practice.  If  they  cannot  be  trusted,  a  test 
of  a  candidate's  ability  to  use  scientific  methods  and  to  apply 
these  in  medicine  is  absolutely  essential  if  we  are  to  insist  that 
only  the  properly  qualified  are  to  practice  medicine.^ 

The  time  has  come,  I  think,  for  medical  teachers  to  insist  upon 
practical  examinations  given  by  competent  examiners.  If  the 
teachers  in  each  of  the  fundamental  branches  of  medical  educa- 
tion will  do  their  best  to  bring  this  condition  about  I  believe  that 
much  can  be  accomplished. 

In  order  to  affect  a  reform  one  should  have  definite  ideas  about 
practical  improvements.  As  anatomists,  we  should,  I  think, 
consider  carefully  such  changes  in  methods  of  conducting  state 
examinations  in  anatomy  as  will  best  test  the  candidate's  ability 
to  think  anatomically  and  to  use  anatomical  methods  in  medi- 
cal practice.    With  this  in  mind  I  suggest  the  following: 

Gross  anatomy.  The  Board  of  Medical  Examiners  should  have 
a  considerable  number  of  sets  of  frozen  sections  cut  in  various 
planes  through  the  body  and  some  special  preparations  of  various 
more  important  regions  and  organs,  including  skeletal  prepara- 
tions, the  brain,  and  spinal  cord,  organs  of  special  sense,  larynx, 
heart,  lungs,  abdominal  and  pelvic  viscera.  These  specimens 
could  be  kept  for  years.  From  time  to  time  new  specimens  could 
be  added  and  worn  specimens  discarded.  At  the  time  of  holding 
the  examination  the  specimens  should  be  displayed  in  a  special 
room  set  apart  for  that  purpose.  The  candidates  in  small  groups 
should  be  led  about  from  preparation  to  preparation  and  thor- 
oughly quizzed;  or,  if  it  seemed  preferable,  each  candidate  could 
be  given  a  certain  number  of  preparations  carefully  to  describe 
in  writing. 

Where  an  abundance  of  human  anatomical  material  could  be 
obtained  it  would  probably  be  well  to  require,  in  addition  to  the 
practical  examination  outlined  above,  a  dissection  of  some  small 

*  In  some  states,  such  as  Ohio  and  Minnesota,  a  successful  })eginning  along 
the  line  of  practical  examinations  has  already  been  made. 
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region  of  the  body.     In  case  human  anatomical  material  were  not 
abundant,  dissection  of  a  part  of  some  mammal  might  be  required. 

Microscopical  anatomy.  The  State  Board  of  Medical  Exam 
iners  should  have  a  good  collection  of  microscopical  preparations 
of  various  organs  and  ti^^sues,  including  sections  through  the  cen- 
tral nervous  system  and  some  embryological  specimens.  This 
collection,  like  that  in  gross  anatomy,  could  be  added  to  from  year 
to  year  and  damaged  specimens  removed.  It  would  probably 
in  most  cases  be  practical  to  hold  the  examination  in  a  university 
town  so  that  microscopes  could  be  borrowed  for  the  examination, 
if  it  should  at  first  seem  too  great  an  expense  for  the  State  Board 
to  purchase  a  sufficient  number.  Indeed  it  might  be  well  to  re- 
quire every  candidate  to  come  to  the  examination  supplied  with 
a  good  microscope,  since  every  properly  equipped  physician 
should  have  "one.  Each  member  of  the  group  of  candidates 
examined  should  be  given  a  few  prepared  specimens  to  examine. 
He  should  give  a  description  of  these.  In  addition,  he  should 
be  required  to  prepare  specimens  for  study  so  that  his  ability 
to  section, 'tease  out  and  stain  specimens  could  be  tested.  For 
sectioning  freezing  microtomes  might  be  used. 

Against  the  immediate  introduction  of  examinations  of  the 
character  outlined  above  may  be  urged  the  extra  time  and  the 
extra  number  of  e  <aminers  needed  as  compared  with  the  methods 
at  present  in  vogue.  By  properly  subdividing  the  whole  number 
of  candidates  into  small  groups  and  examining  each  group  at  any 
given  time  in  a  different  subject,  the  time  for  conducting  the 
whole  examination  would  not  need  to  be  very  greatly  increased 
since  each  group  might  within  two  or  three  days  be  given  a  fairly 
good  practical  examination  in  each  of  the  chief  medical  subjects. 
At  present  the  Boards  of  Medical  Examiners  are,  as  a  rule,  so 
large  that  the  asking  of  questions  for  each  of  the  chief  subjects 
is  entrusted  to  one  or  two  men.  These  men,  if  competent,  by 
taking  successive  small  groups  of  candidates  for  a  few  hours, 
could  within  a  few  days,  get  a  far  better  idea  of  the  training  and 
ability  of  those  candidates  than  is  at  present  possible. 

Acoeptd  by  the  Wlstar  Institute  of  Anatomy  and  Biology,  June  7,  1910.    Printed  August  16,  1910. 
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Quain's  Elements  of  Anatomy,  Eleventh  Edition,  Vol.  3,  Part  2.  E. 
A.  Schafer  and  J.  Symington.  Containing  the  descriptive  anatomy 
of  the  peripheral  nerves  and  of  the  organs  of  special  sense. 
Longmans,  Green  and  Company,  London,  1909. 

The  second  part  of  the  third  volume  of  Quain's  Elements  of  Anatomy, 
eleventh  edition  contains  the  descriptive  anatomy  of  the  peripheral 
nervous  system  and  of  the  organs  of  special  sense.  This  part  which  com- 
pletes the  section  of  neurology  has  been  edited  and  to  a  large  extent 
rewritten  by  Professors  Schafer  and  Symington,  and  incorporates  the 
results  of  their  investigations  along  these  lines.  It  will  thus  be  readily 
understood  that  this  volume  dealt  with  by  such  capable  hands  is  a  valua- 
ble contribution  to  anatomical  literature. 

The  part  dealing  with  the  special  senses  is  particularly  good  and  is 
the.  most  complete  anatomical  description  in  English  of  the  sense  organs. 
The  minuteness  of  the  description  will  be  apparent  when  it  is  noted  that 
nearly  one  hundred  pages  are  given  to  the  anatomy  of  the  eye  and  nearly 
seventy  to  the  anatomy  of  the  ear.  The  illustrations  are  numerous  and 
extremely  well  chosen,  some  from  Schafer's  work  and  a  considerable 
number  from  the  very  important  papers  of  Symington.  Especially 
worthy  of  commendation  are  those  of  Symington  dealing  with  the  tem- 
poral bone  at  various  ages.  The  most  important  literature  up  to  the 
time  of  the  pubHcation  has  been  referred  to  and  often  incorporated  in 
the  text.  To  the  advanced  student  this  part  will  prove  an  exhaustive 
and  a  most  readable  account.  The  practitioner  and  the  specialist  will 
find  it  a  valuable  addition  to  their  library;  they  will  be  particularly 
pleased  with  the  fact  that  many  of  the  anatomical  data  are  so  graphi- 
cally and  suggestively  stated  as  at  once  to  emphasize  their  diagnostic 
and  surgical  importance. 

On  reading  the  part  on  the  sympathetic  nervous  system,  one  is  at 
times  delighted  with  the  description,  at  other  times  disappointed  with 
the  meagemess  of  the  details.  It  is  difficult  to  account  for  such  inequal- 
ity in  this  English  text-book,  coming  as  it  does  from  schools  where  so 
much  has  been  done  if  not  directly  on  the  anatomical  side  at  any  rate 
on  the  anatomical  physiological  side  to  elucidate  this  part  of  the  nervous 
system.  To  select  but  one  section  which  appears  disappointing  one  might 
point  to  the  description  of  the  cardiac  plexus.  This  account  is  virtually 
the  same  as  in  the  addition  of  1903  in  spite  of  much  work  that  has  been 
done  since  then.  For  instance  one  might  well  question  whether  the  de- 
scription given  of  the  nerves  in  the  ventricle  as  being  deficient  in  gan- 
glion cells  represents  the  present  state  of  our  knowledge  after  the  many 
papers  which  have  been  published  in  recent  years. 
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The  chapter  on  the  peripheral  nerves  has  many  alterations  which 
enhance  the  value  of  the  work.  In  no  part  more  than  that  dealing 
with  the  peripheral  nervous  system  has  Quain's  Anatomy  come  to  be 
regarded  not  as  a  text-book  of  anatomy,  but  more  as  a  work  of  reference. 
It  is  here  that  one  realizes  how^  further  additions  would  have  added  to 
the  value  of  the  description,  and  one  regrets  at  times  a  lack  of  detail. 
To  particularize,  it  might  be  urged  that  in  view  of  the  importance  of 
the  ganglia  in  connection  with  the  cranial  nerves,  a  more  detailed  account 
might  have  been  given  and  not  simply  the  old  account  reinserted.  The 
description  of  these  ganglia  has  been  an  outstanding  feature  in  Quain's 
Anatomy,  and  one  would  have  liked  to  have  seen  this  part  rewritten. 
For  instance,  the  account  of  the  spheno-palatine  ganglion  might  have  been 
improved  were  there  more  clearly  stated  the  relation  or  non-relation  to 
it  of  the  spheno-palatine  nerves,  an  alteration  which  might  be  further 
emphasized  by  the  addition  of  a  new  dissection  to  illustrate  the  point. 
A  little  more  information  in  regard  to  the  geniculate  ganglion  would 
not  have  been  amiss;  would  it  have  been  too  much  to  ask  some  more 
information  in  regard  to  the  fibers  in  the  chorda  tympani  nerve  and  their 
relation  to  this  ganglion? 

These  are  after  all  but  small  blots.  Most  of  the  defects  tend  rather 
along  the  line  of  omission  than  commission;  to  remedy  this  might  have 
transgressed  the  limits  allowed  by  the  publisher.  Of  recent  years  we  have 
had  a  surfeit  of  new  anatomical  text-books  and  of  new  editions .  The  time 
is  rapidly  approaching  when  we  shall  have  an  urgent  demand  for  a  refer- 
ence book  in  English  comparable  to  Poirier  and  Charpy  and  to  Barde- 
leben.  At  present  Quain  approximates  to  this.  It  has  never  been  the 
textl)ook  of  the  ordinary  medical  student,  but  the  source  to  which  the 
advanced  student  turns  for  information.  This  it  will  still  continue  to 
be,  and  taken  as  a  whole  this  volume  will  worthily  keep  up  the  tradi- 
tions of  that  great  anatomical  work. 

The  carefully  selected  references  to  current  literature  given  at  the  foot 
of  the  page  instead  of  as  formerly  at  the  end  of  the  chapter,  the  improved 
type  and  better  paper  in  this  edition  are  of  decided  advantage. 

J.  Gordon  Wilson. 

THREE  RECENT  TEXT-BOOKS  ON  TOPOGRAPHICAL  ANATOMY 

Lehhbuch  der  Topographischen  Anatomie.  Prof.  H.  K.  Corning 
(Ba^le).    Second  Edition,  1909.     Wiesbaden:  J.  F.  Bergmann. 

ToPOGRAPiiLsciiE  AxATOMiE.  Prof.  Oskar  Schultz  (Wurzburg).  Second 
Edition,  1909.    Vol.  I,  Lehmann's  med.  Atlanten,  Munich. 

Atlas  and  Text-Book  of  Topographic  and  Applied  Anatomie,  by 
Oskar  Schultze,  edited  with  additions  by  G.  D.  Stewart  (Bellevue), 
1905.    Philadelphia  and  London:  W.  B.  Sanders  and  Co. 

The  increase  in  the  numbers  of  works  on  topographical,  regional,  ap- 
plied and  surgical  anatomy  is  a  fair  criterion  of  the  demand  on  the  part 
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of  practitioners  and  students  of  medicine  for  the  detailed  regional  re- 
lations. Practically  all  of  these  works  acknowledge  this  as  their  mis- 
sion. The  ideal  topographical  anatomy,  like  the  ideal  systematical 
anatomy,  is  a  thing  of  the  future,  still  it  would  be  very  strange  indeed 
if  the  developments  in  the  presentation  of  the  subject  did  not  show 
marked  advance  in  the  past  ten  years.  Inasmuch  as  there  is  no  text- 
book on  anatomy  into  which  a  greater  personal  equation  enters  than  in 
a  regional  treatise,  it  may  be  well  to  state  in  advance  the  reviewer's  con- 
ception of  what  an  ideal  topographical  anatomy  should  include  and  base 
the  criticism  of  the  volumes  reported  from  this  standpoint. 

The  ideal  topographical  anatomy  should  be  a  sort  of  reference  work 
to  which  the  physician  may  go  to  refresh  his  memory  on  the  regional 
relations.  The  latter,  however,  are  directly  proportional  to  the  fre- 
quency of  variations  in  a  given  part,  and  no  topographical  treatise  may 
be  said  to  be  complete  without  some  consideration  of  the  more  impor- 
tant anomalies,  particularly  those  due  to  defective  development.  In  oi^ 
der  to  facilitate  description  it  has  become  necessary  to  block  out  the 
body  into  given  surface  regions,  but  where  the  subdivisions  become  too 
complicated,  or  are  carried  into  the  deeper  regions  in  too  great  a  detail, 
confusion  to  a  reader  who  has  not  made  anatomy  his  vocation  is  immi- 
nent. The  work  should  contain  the  best  of  illustrations  drawn  by  art- 
ists gifted  in  anatomical  presentation  and  at  no  time  should  the  figures 
be  so  complicated  or  extended  that  the  evident  relations  under  discus- 
sion are  in  any  way  obscured.  Many  smaller  figures,  drawn  especially 
to  bring  out  certain  few  points,  are  better  for  this  reasoh  than  the  large 
and  complicated  full  page  illustrations.  The  text  should  be  clear,  if 
necessarily  concise,  and  should  conform  to  the  figures  in  position,  de- 
tail in  relation  and  terminology.  The  introduction  of  frequent  refer- 
ences to  the  classical  works  on  a  given  region  stimulates  the  student  to 
a  more  thorough  study  of  the  problem  before  him — an  essential  require- 
ment of  a  reference  text-book.  The  terminology^  should  be  an  accepted  or 
preferably  the  accepted  one;  technical  synonyms  should  be  avoided;  and 
the  nomenclature  adhered  to  even  at  the  risk  of  unsightly  typographical 
construction.  If  the  function  of  the  book  is  to  be  one  of  ready  reference 
particular  care  should  be  exercised  in  the  indexing  that  the  reader  may 
readily  find  all  that  is  within  the  covers  on  a  given  topic.  The  intro- 
duction of  the  practical  application  of  certain  of  the  facts  presented  serves 
to  leaven  the  mass  and  make  the  book  more  readable.  Unfortunately, 
the  surgeon  best  qualified  to  write  upon  this  phase  of  the  subject  usually 
does  so  at  the  expense  of  important  anatomical  detail  and  the  work  takes 
the  tone  of  an  abbreviated  text  on  surgical  procedure. 

The  book  by  Corning  is  one  of  772  pages  with  653  illustrations  of 
which  424  are  in  color  (an  increase  of  57  pages  and  49  figures  over  the 
first  edition).  The  print  is  excellent  and  the  volume  is  an  example  of 
plate  reproduction,  color  work  and  bookmaker's  art  that  might  well  be 
imitated  by  our  American  publishers.  The  paper  is  of  durable  quality 
and  highly  glossed  to  facilitate  the  plate  process.  The  drawings  are 
quite  uniformly  excellent  and  are  for  the  most  part  by  Mayer  of  Basel 
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and  executed  under  Prof.  Coming's  personal  direction.  The  illustrations 
are  well  chosen  and  limited  to  the  region  under  discussion.  Microtome 
sections  have  been  introduced  to  replace  some  of  the  older  schematic 
drawings  of  the  hand,  foot,  eye  and  mouth  regions.  The  nomencla- 
ture, which  lacked  uniformity  in  the  first  edition,  has  been  reedited  and 
made  to  conform  to  the  B.  N.  A. 

The  chapter  on  the  head  (180  pages  and  148  illustrations)  has  been 
rewritten  in  part  to  eliminate  the  misleading  nomenclature  which  was 
particularly  conspicuous  in  this  chapter  and  a  number  of  the  inaccuracies 
in  the  plates  have  been  corrected.  The  cranio-cerebral  topography  fol- 
lows the  accepted  work  of  Froriep  and  Kronlein  and  additional  illus- 
trations have  been  added  to  show  the  internal  cerebral  topography,  in- 
tentionally omitted  from  the  first  edition.  The  same  may  be  said  of  the 
hypophysis,  which  now  has  two  figures  devoted  to  it  and  the  descrip- 
tion of  the  mouth  cavity  has  been  made  more  complete.  The  microtome 
sections  of  the  eye  and  the  nose  are  a  decided  advance  over  the  old  sche- 
matic drawings  and  are  far  more  instructive.  The  topography  and  varia- 
tions of  the  nasal  sinuses  is  taken  from  Killian^s  classical  monograph  on 
this  subject.  A  description  of  the  common  developmental  defects  about 
the  mouth  and  nose  regions  would  not  be  amiss.  The  chapter,  on  the 
whole,  is  much  stronger  than  that  of  the  first  edition. 

The  neck  region  (65  pages  and  47  figures)  is  particularly  good  in  the 
treatment  of  the  fascial  compartments.  Hitherto  the  fasciae  have  been 
considered  as  active  factors  in  the  regional  subdivisions  rather  than  as 
passive  factors'  which  are  dependent  on  the  amount  and  character 
of  movement  in  the  surrounding  structures  for  their  development. 
Again  Coming  avoids  the  common  fault  of  the  surgical  anatomies  in 
over-schematizing  these  compartments.  The  larynx  is  well  described 
both  in  structure  and  topography  and  illustrated  in  part  by  microtome 
sections.  The  parathyreoid  bodies,  omitted  in  the  first  edition,  receive 
attention  and  six  new  figures  have  been  added  to  emphasize  their  rela- 
tions. The  cervical  ribs  are  briefly  considered  with  one  new  figure  to 
show  their  relation  to  the  subclavian  vessels  and  brachial  plexus.  The 
chapter  might  be  said  to  suffer  from  an  excellent  fault  in  the  over-detail 
of  the  boundaries  in  the  regional  subdivisions. 

The  thorax  occupies  92  plates  and  65  illustrations.  The  treatment  of 
the  chest  wall  is  excellent  and  the  schematic  drawings  illustrating  the 
vascular  supply,  and  in  particular  the  lymph  return  from  the  mammary 
region  are  well  chosen.  The  lung  topography  is  based  upon  MerkeFs 
work  and  the  heart  relations  are  satisfactorily  considered.  The  lateral 
dissections  of  the  mediastinal  spaces  on  formalin  hardened  bodies  are 
supplemented  by  the  cross  sections  after  Braune  and  the  addition  of  the 
frontal  and  sagittal  chest  sections  is  welcomed. 

The  abdomen  (157  pages  and  139  illustrations)  chapter  has  had  added 
to  it  some  17  figures,  which  are  for  the  most  part  devoted  to  the  varia- 
tions in  the  abdominal  organs.  The  chapter  is  perhaps  the  most  satis- 
fying in  the  book,  and  pains  and  expense  have  not  been  spared  to  make 
this  region  quite  complete  both  in  text  and  in  illustrations.     It  is  grati- 
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fying  to  see  the  work  of  Americans  recognized  in  one  figure  from  Piersol ; 
one  from  Mall  and  one  from  Broedel.  It  is  rather  curious  that  while 
abnormalities  in  the  kidney  form  receive  attention,  no  mention  is  made 
in  this  chapter  of  the  not  infrequent  double  ureter. 

The  chapter  on  the  pelvis  deservedly  receives  100  pages  and  100  ilhis- 
trations.  Four  new  figures  have  been  introduced  on  the  pregnant  uterus 
and  axe  welcome.  A  consideration  of  the  congenital  abnormalities 
would  make  the  chapter  more  complete.  The  chapter  on  the  back 
(9  pages  and  9  figures)  has  had  added  an  illustration  of  the  suboccipital 
triangle  and  is  confined  for  the  most  part  to  the  spinal  column  and  to  the 
topography  of  the  cord  and  its  membranes.  The  structure  of  the  cord 
and  the  relations  of  the  tracts  at  different  levels  is  omitted.  The  upper 
extremity  (79  pages  and  70  figures)  and  the  lower  extremity  (77  pages 
and  69  figures)  with  the  exception  of  a  new  figure  of  the  axillary  topo- 
graphy are  much  the  same  as  in  the  first  edition  and  are  quite  adequate. 
The  projection  drawings  of  the  relation  of  the  bones  to  the  surface,  the 
schematic  presentation  of  perspective  views  of  the  fascial  compartments 
and  the  selection  of  the  cross  and  longitudinal  are  particularly  well 
chosen.  These  two  chapters  contain  a  number  of  minor  errors,  which 
would  seem  unnecessary  in  a  second  edition,  but  Professor  Coming 
was  ill  at  the  time  the  proof  was  read  and  had  to  rely  on  others  for  this 
most  important  work. 

Taken  as  a  whole,  (>orning's  work  appeals  to  the  reader  as  the  most 
complete  and  carefully  illustrated  volume  on  topographical  anatomy 
that  has  appeared  to  date.  The  points  that  stand  out  in  particular  are 
the  thorough  work  on  the  lymphatic  system,  the  treatment  of  the  body 
fascia,  and  the  comprehensive  chapters  on  the  thorax,  abdomen  and  pel- 
vis. It  is  to  be  regretted  that  this  book,  like  most  of  its  German  con- 
temporaries, is  poorly  indexed.  The  work  is  decidedly  worthy  of  trans- 
lation into  English,  and  if  it  can  be  published  in  anything  like  the  style 
employed  by  Bergmann,  would  merit  a  widespread  sale. 

The  book  by  Schultze  represents  the  atlas  type  of  topographical  anat- 
omy. The  second  edition  has  increased  the  number  of  illustrations  by 
115,  making  a  total  of  205  figures  and  22  multichrome  lithographic 
plates.  The  work  is  directed  especially  toward  the  medical  student,  and 
the  text  of  the  second  edition  has  Ix^en  modified  so  that  the  practical 
application  of  the  various  facts  has  l>een  placed  in  separate  paragraphs. 
Schultze  believes  this  is  desirable  in  that  the  student  in  preparing  for 
the  physicum  may  avoid  the  parts  concerned  in  surgical  application. 
The  text  is  considerably  abbreviated  and  no  attempt  is  made  toward  the 
thorough  discussion  of  any  given  region.  The  chapter  on  the  head 
occupies  54  pages  with  49  figures  and  4  plates.  The  text,  while  concise, 
is  uniquely  clear  and  satisfying.  The  neck  (17  pages,  20  figures  and 
1  plate)  lends  itself  to  criticism  from  the  standpoint  of  an  atlas  in  the 
selection  of  one  figure  to  show  the  uncommon  Art.  thyreoidea  ima  and 
two  figures  showing  the  relations  of  the  right  subclavian  artery,  when  it 
arises  from  the  descending  aortic  arch  to  oesophagus  and  trachea.     A 
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good  figure  of  the  parathyroid  glands  and  of  the  common  cervical  ribs, 
particularly  in  their  relation  to  the  subclavian  vessels  and  brachial  plexus, 
would  be  a  welcome  substitution  for  the  illustrations  mentioned.  The 
upper  extremity  (26  pages  and  27  figures)  has  a  figure  of  the  opened 
axillary  space  that  is  quite  inadequate;  shows  one  diagrammatic  cut  of 
the  brachial  plexus,  which  is  not  only  imnecessary,  but  is  also  somewhat 
incorrect;  devotes  two  figures  to  the  high  bifurcation  of  the  brachial 
artery  and  to  the  very  uncommon  high  origin  of  the  common  interos- 
seous artery.  Fig.  94,  showing  the  relatively  infrequent  superficial  pal- 
mar arch  formed  in  part  by  the  Art.  mediana,  mieht  be  replaced  to 
advantage  by  a  drawing  illustrating  the  projected  relation  of  the  carpal 
and  metacarpal  articulations  and  the  superficial  and  deep  arches  to  the 
surface.     Other  than  this  the  illustrations  and  the  text  are  good. 

The  chest  (30  pages,  30  figures  and  5  plates)  and  the  abdomen  and 
pelvis  (56  pages,  54  figures  and  12  plates)  are  the  best  in  the  book,  al- 
though neither  text  nor  plates  are  on  a  par  with  Coming's  chapters  on 
these  parts.  It  is  not  the  reviewer's  opinion  that  the  His  models  repro- 
duce well.  They  are  most  valuable  in  their  three  dimension  state. 
The  lower  extremity  is  fairly  complete  save  in  the  consideration  of  the 
lymphatic  system  (20  pages  and  20  figures). 

As  a  whole  the  text  is  a  trifle  better  than  the  illustrations,  which  is 
perhaps  a  little  curious  in  an  atlas.  It  will  imdoubtedly  lend  itself 
well  to  the  needs  of  the  medical  student  for  "hitting  the  high  places," 
but  for  extended  study  and  for  reference  it  gives  too  little  in  detail. 
The  greatest  point  of  criticism,  perhaps,  may  be  found  in  the  rather 
confusing  terminology  which,  however,  is  not  serious,  and  in  the  poor 
indexing.  The  index,  for  example,  gives  Artie,  stemoclavicularis,  but 
hip,  knee  and  shoulder  are  under  the  common  names,  while  ankle  and 
wrist  are  not  mentioned  at  all.  It  would  seem  that  for  the  German  med- 
ical student,  with  the  thorough  training  in  Latin,  the  technical  nomen- 
clature would  be  quite  sufl5cient.  The  plate  illustrations  are,  if  anything, 
a  trifle  too  extended,  and  are  not  arranged  to  conform  with  the  text.  This 
book  has  merited  translation  into  English  and  it  is  interesting  to  see 
what  changes  have  been  brought  about  in  the  translator's  hands. 

Stewart's  edition  of  the  book  is  little  more  than  a  literal  translation 
of  the  text  with  a  few  surgical  suggestions  added.  The  plates  have  been 
made  in  Germany  and  are  covered  by  a  sheet  of  tissue  paper  on  which 
has  been  printed  the  common  names  for  the  structures.  In  the  reviewer's 
opinion  this  is  not  only  imnecessary,  but  also  serves  tf>  make  the  plates 
inaccessible.  In  addition  to  this  Stewart  has  appended  to  each  region 
a  set  of  review  questions  chiefly  concerned  with  the  surgical  facts  and 
which  would  undoubtedly  lend  themselves  to  preparation  for  examina- 
tion. The  index  has  been  decidedly  revised  and  is  about  double  the 
length  in  this  book  of  that  in  the  second  German  edition  but  the  great 
parts  of  these  terms  are  surgical  and  some  of  them  curious — ^vein  of  anger, 
epipericardium,  lymphatic  glands  in  the  subinguinal  region,  p.  158,  or 
eleven  lines  farther  down  in  the  index,  Lymphoglandute  subinguinales, 
p.  158,  etc. 
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The  second  edition  of  Schnitzels  book  would  lend  itself  better  to  trans- 
lation because  of  the  increased  number  of  illustrations  and  because 
the  editing  of  the  surgical  application  could  be  done  in  just  as  complete 
a  manner  as  the  translator  might  desire. 

A.  G.  POHLMAN. 
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STANDARD  SIZES  FOR  ILLUSTRATIONS 

IN   THE  JOURNALS   PUBLISHED   BY 

THE  WISTAR  INSTITUTE  (3F  ANATOMY  AND  BIOLOGY 

SUGGESTED   BY   PROFESSOR   SIMON    HENRY    GAOE 
AND  APPeOVKD  BT  THB  ADVI80BY  BOARD  OP  THB   WISTAB  INSTrTUTE  AT  ITS  LAST  MBBTINQ 

(APRIL   1«10) 

STANDARD  MAGNIFICATIONS. 

It  is  desirable  that  a  uniform  system  of  magnifications  should  be 
followed  in  making  illustrations  for  publication. 

This  system  has  been  adopted:  i,  2 J,  6,  10,  15,  W,  25,  30,  35,  40,  45, 
50,  60,  70,  75,  80,  90,  100,  125,  150,  175,  200,  250,  300,  350,  400,  450, 
500,  600,  700,  800,  900,  1000,  1250,  1500,  2000. 

Authors  are  requested  to  make  their  drawings  of  such  size  that  when 
reduced  for  publication  the  magnification  will  correspond  exactly  with 
one  of  the  numbers  of  this  system. 

The  relative  size  of  every  published  figure  should  be  given  thus: 

State  whether  it  is  (1)  of  the  same  size  as  the  object;  (2)  magnified, 
as  indicated  above;  or  (3)  smaller  than  the  object,  as  i,  i,  i^,  etc.  natural 
size. 

DRAWINGS   AND   THEIR   REDUCTIONS 

1.  If  there  is  to  be  no  change  in  size  by  the  engraving  process,  the 
drawing  must  be  of  the  same  size  as  the  finished  engraving. 

2.  If  the  drawing  is  to  be  reduced  ^,  then  it  must  be  twice  the  size 
of  the  engraving,  (i.e.,  every  line  in  the  drawing  must  be  twice  the  length 
it  will  appear  in  the  engraving — twice  the  diameter). 

3.  If  the  drawing  is  to  be  reduced  §,  it  must  be  made  IJ  times  the 
size  of  the  engraving. 

4.  If  the  drawing  is  to  be  reduced  \,  it  must  be  made  1}  times  the 
size  of  the  engraving. 

Examples.  Suppose  the  illustration  (as  it  will  appear  in  one  of  the 
journals)  is  to  be  at  a  magnification  of  40.  The  size  of  the  drawing  for 
each  of  the  above  would  then  be  as  follows: 

(1)  Full  size,  or  no  reduction — each  line  of  the  drawing  must  be  40 

times  the  length  of  the  corresponding  line  in  the  object. 

(2)  For  i  reduction — each  line  must  be  80  times  the  length  of  the 

corresponding  line  of  the  object. 

(3)  For  J  reduction — each  line  must  be  60  times  the  length  of  the 

corresponding  line  of  the  object. 

(4)  For  J  reduction — each  line  must  be  50  times  the  length  of  the 

corresponding  line  of  the  object. 

HOW   TO   MARK   A   DRAWING   TO   BE   REPRODUCED. 

(1)     Full  size  (i.e.,  no  reduction),  (2)  ^  off;  (3)  \  off;  (4)  \  off;  (5)  i  off. 
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DIE   MORPHOLOGIE   DER   BLUT2ELLEN   UND   IHRE 
BEZIEHUNGEN    ZU    EINANDERi 

VON 

PROF.  DR.   FRANZ  WEIDENREICH 
Strasabtarg 

MIT  NBUNUNDSaCBZIG  FIGUBBN 

Bei  alien  Wirbeltieren,  die  wir  kennen,  lassen  sich  die  im  Blute 
kreisenden  Zellen  nach  ihrer  morphologischen  Gesammterschein- 
ung  in  zwei  Hauptgruppen  sondem,  in  die  roten  und  in  die  weis- 
sen  Blutkorperchen.  Wahrend  aber  die  roten  Blutkorperchen, 
die  iiberall  und  ausschliesslich  die  Trager  des  Hamoglobins 
sind,  sich  bei  jeder  Art  nur  in  einer  einzigen  charakter- 
istischen  Form  finden,  sind  die  weissen  Blutkorperchen  mor- 
phologisch  und  funktionell  nicht  gleich,  sondem  treten  in  ver- 
schiedenen  Typen  auf,  die  allerdings  bei  alien  Arten,  soweit 
die  bisherigen  UnterSuchungen  reichen,  ina  grossen  und  g^zen 
wiederkehren.  Diese  Verschiedenheit  der  f  arblosen  Blutelemente 
war  schon  Wharton  Jones  aufgefallen,  aber  die  Fortschritte  der 
Farbetechnik,  die  zuerst  und  systematisch  von  Ehrlich  fiir  das 
Blut  angewandt  und  aiisgebaut  wurde,  haben  die  Unterschiede 
deutlicher  erkennen  lehren.  Es  ist  interessant,  dass  die  gleiche 
Diflferenzierung  der  Blutelemente  schon  bei  den  Wirbellosen  zu 
beobachten  ist;  wenn  auch  besondere  Hanioglobintrager  hier  nur 
bei  wenigen  Arten  vorkonunen,  so  ist  doch  die  morphologische 
Gliederung  der  weissen  schon  ziemlich  weitgehend  und  prinzipi- 
ell  mit  der  der  Wirbeltiere  ubereinstinunend.  Leider  hat  man  auf 
diese  durch  die  gesanamte  Tierwelt  durchgehende  Erscheinung  viel 
zu  wenig  geachtet  und  ist  damit  ganz  betrachtlich  hinter  Jones 
zuriickgeblieben,  der  trotz  der  Mangel  seiner  Methodik  schon  auf 

^Nach  einem  auf  der  25.  Tagung  der  American  Association  of  Anatomists  in 
Boston  (29.  Dez.  1909)  erstatteten  Referate. 

TBI  ANATOMICAL  BBCORD,  VOL.  4,  NO.  9. 


Digitized  by 


Google 


318  FRANZ   WEIDENREICH 

dem  Wege  einer  allgemeinen  vergleichend-histologischen  Analyse 
aUer  Blutzellenformen  die  einzelnen  Typen  in  ihrer  Bedeutung  zu 
erfassen  suchte.  Erst  in  neuerer  Zeit  beginnt  man  sich  wieder 
des  Vorteils  einer  derartigen  Vergleichung  zu  erinnem  und  so  ist 
zu  hoffen,  dass  durch  die  Verpflanzung  des  Blutzellen-Problems 
aus  dem  engen  Bereich  klinisch-pathologischer  Riicksichten  mit 
ihrer  Bevorzugimg  des  Menschen  in  das  weite  Gebiet  allgemeiner 
vergleichender  Histologie  auch  manche  heute  noch  strittige  Teil- 
f rage  ihrer  Losung  naher  gefiihrt  werden  kann. 

Die  Grundlage  solcher  Untersuchungen  bildet  natiirlich  die 
genaue  Kenntniss  der  morphologischen  Besonderheiten  der  ein- 
zehien  Zelltypen,  leider  hat  man  lange  Zeit  viel  zu  viel  Wert  auf 
die  f axberische  Qualitat  der  granularen  Plasmaeinlagerungen  ge- 
legt,  die  einige  Leucocytenformen  auszeichnen,  imd  dariiber 
andere  wesentlichere  Momente  vernaehlassigt.  Dadurch  dass 
man  femer  das  Hauptaugenmerk  auf  den  Menschen  konzen- 
trierte  und  hochstens  noch  einige  Sauger  beriicksichtigte,  wurden 
die  Besonderheiten  der  Blutelemente  der  librigen  Wirbeltiergrup- 
pen  weniger  bekannt,  ein  Umstand  der  fttr  eine  weitergehende 
Vergleichung  erschwerend  wirkt.  Die  gleiche  Schwierigkeit  er- 
gibt  sich  aber  auch  fiir  die  Untersuchung  der  verschiedenen  Blut- 
zellenformen zu  einander.  Auch  hier  erweist  sich  die  Beschran- 
kung  auf  den  Menschen  oder  einige  Saugetiere  als  ein  Fehler,  da 
die  Verhaltnisse  bei  niederen  Wirbeltieren  zimi  grossen  Teil  viel 
einfacher  liegen  und  auch  leichter  studierbar  sind. 

Die  wenigsten  Artverschiedenheiten  weisen  die  roten  Blut- 
korperchen  auf;  die  man  zweckmassig  nach  ihrem  ausgebildeten 
Zustande  in  solche  mit  Dauerkemen  und  solche  mit  verganglichen 
Kemen  einteilen  kann;  die  ersteren  sind  fiir  die  Nichtsauger,  die 
letzeren  fiir  die  Sauger  charakteristisch.  Ausser  der  Verschieden- 
heit  in  dem  Verhalten  des  Kernes  ergeben  sich  aber  auch  Unter- 
schiede  in  der  Form;  die  roten  Blutkorperchen  mit  Dauerkemen 
sind  ovale,  biconvexe  Scheiben,  nur  bei  den  Cyclostomen  finden 
sich  napfformige  Gebilde;  die  roten  Blutkorperchen  mit  vergang- 
lichen Kemen  sind  convex-concav  (napf-  oder  glockenformig) 
imd  kreisrund,  mit  alleiniger  Ausnahme  der  Tylopoden,  wo  sie 
eine  ovale  Grundform  besitzen.    Was  die  Struktur  angeht,  so 


Digitized  by 


Google 


BLUTZELLEN    UND   IHRE   BEZIEHUNGEN   ZU   EINANDER        319 

besteht  zwischen  beiden  Formen  weitgehende  Uebereinstimmung; 
nach  aussen  sind  sie  von  einer  semipermeablen  Membran,  die 
Lecithin  u^d  Cholestearin  enthalt,  abgeschlossen,  wahrend  ihr 
Inneres  im  wesentlichen  aus  einer  konzentrierten  Hamoglobin- 
losung  besteht;  bei  den  Formen  mit  verganglichem  Kern  ist  ir- 
gend  ein  protoplasmatisches  Innengeriist  nicht  vorhanden.  Die 
Jugendformen  beider  Arten  sind  gleichfalls  ubereinstimmend,  es 
pind  kugelige  Zellen  mit  rundem  Kern;  die  Umwandlung  in  die 
definitive  Form  geht  in  der  Weise  vor  sich,  dass  die  Formen  mit 
Dauerkemen  aUmahlich  oval  werden,  wobei  auch  der  Kern  diese 
Form  ammnmt,  gleichzeitig  aber  in  seinen  chromatischen  Teilen 
sich  zusammenklimipt;  gar  nicht  so  selten  geht  der  Process  noch 
welter,  denn  man  begegnet  gelegentlich  Zellen,  in  denen  kein 
Kern  mehr  nachweisbar  ist.  Bei  den  roten  Blutkorperchen  mit 
verganglichen  Kemen  ist  das  die  Kegel,  der  Kern  wird  dabei  in 
einzelne  Stucke  zerschnurt  und  verklumpt  dabei  zu  mehr  oder  we- 
niger  homogenen  Chromatinkugeln,  die  nach  und  nach  ausgestos- 
sen  werden;  dabei  geht  die  Zelle  aus  der  runden  Form  in  die  Napf- 
form  uber.  Die  Umbildung  der  roten  Blutkorperchen  stellt  also 
vom  morphologischen  Gesichtspunkte  aus  betrachtet  eine  Dege- 
neration dar;zurErreichung  hochster  physiologischer  Wirksam- 
keit  geht  Protoplasmastruktur  und  Kern  verloren,  das  Plasma 
selbst  bildet  sich  zu  einer  besonderen  flussigen  Masse  um,  die 
nach  aussen  durch  eine  halbdurchlassige  Membran  abgeschlossen 
wird;  bei  den  Blutkorperchen  mit  Dauerkemen  ist  der  Endeffekt 
nicht  so  weitgehend,  der  Kern  bleibt,  wenn  er  auch  zuletzt  stark 
degenerativ  verandert  wird,  in  der  Zelle,  und  auch  das  Plasma  wird 
nicht  vollig  verflussigt. 

Weit  vielgestaltiger  als  die  roten  sind  die  weissen  Blutkorper- 
chen. Aber  wenn  auch  die  einzelnen  Formen  in  Grosse,  Kern  und 
Plasmastruktur  verschieden  sind,  so  besteht  doch  insofem  eine 
Uebereinstimmung  als  die  gleichen  Typen  im  grossen  und  ganzen 
bei  alien  Wirbeltiergruppen  wiederkehren.  Fiir  die  Betrachtung 
der  einzelnen  Formen  erscheint  es  dabei  zweckmassig  von  den 
Saugetieren  auszugehen.  Man  kann  hier  zunachst  zweierlei 
Arten  von  Leucocyten  unterscheiden,  namUch  ungranuUerte  und 
granulierte  Zellen,  wobei  unter  Granulierung  nicht  eine  gelegent- 
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lich  SO  bezeichnete  undeutliche  Protoplasmastniktur  verstanden 
wird,  sondern  das  Vorhandensein  distinkter  d.h.  scharf  aus  dem 
iibrigen  Plasmaleib  hervortretender  und  auch  am  lebenden  Ob- 
jekt  sichtbarer  granularer  Einlagerungen. 

Die  ungranulierten  und  die  granulierten  Formen  treten  nun 
jede  wieder  in  verschiedenen  Typen  auf  und  zwar  lassen  die  un- 
granulierten zwei  Arten  unterscheiden,  namlich:  l^kleine  Zellen 
mit  grossem,  meist  rundem  Kern  und  schmalem  Plasmasaiun — 
die  Lymphocyten  nach  Ehrlich's  Nomenklatur,  und  2,  grosse 
Zellen  mit  grossem,  rundem  oder  auch  eingebuchtetem  Kern  und 
breitem  Plasmaleib — grosse  Lymphocyten,  grosse  mononukleare 
Leucocyten,  Uebergangsformen  der  Ehrlichschen  Nomenklatur. 
Die  granulierten  Zellen  zerfallen  in  feingranulierte — auch  als 
neutrophil,  etc.,  oder  spezial  granulierte  bezeichnet — in  grob- 
granulierte — die  oxjrphilen,  acidophilen  oder  eosinophilen  der  Au- 
toren —  und  endlich  die  sog.  Mastleucocyten,  die  basophil  gran- 
ulierten Leucocyten  der  Ehrlichschen  Nomenklatur. 

Betrachten  wir  zunachst  die  granulierten  Formen,  so  ist  bekannt 
dass  Ehrlich  das  Verhalten  der  Granulationen  zu  bestimmten 
Farbstoffen  als  Einteilungsprinzip  aufgestellt  hat  und  in  der 
Tat  eignen  sich  die  von  Ehrlich  angewandten  besonderen  Farb- 
stoffe  (Triacid,  Eosin,  Methylenblau)  sehr  gut  zur  Darstellung 
des  diflferenten  Farbungscharakters  der  Komelung  und  damit 
auch  zu  einer  Unterscheidimg  der  einzelnen  Formen  zu  einander. 
Allein  Ehrlich  ging  weiter,  er  betrachtete  die  AflFinitat  der  Gra- 
nula  zu  bestimmten  Farbstoffen  als  den  Ausdruck  einer  charakte- 
ristischen  chemischen  Reaktion;von  demOedanken  ausgehend, 
dass  jeder  Zelle  nur  eine  bestimmte  Funktion  zukomme,  die  er 
wieder  in  der  Ausarbeitung  solcher  Granulationen  erblickte, 
st^llte  er  den  Lehrsatz  von  der  spezifischen  Natur  der  Granula 
und  der  sie  ttagenden  Zellen  auf.  Er  tibertrug  also  das  seiner 
Meinung  nach  rein  chemische  Einteilungsprinzip  auch  auf  das 
morphologische  und  genetische  Gebiet  und  leugnete  auf  Grund 
desselben  einerseits  jede  Beziehimg  der  tinktoriell  verschieden 
granuliert  erscheinenden  Formen  zueinander,  wahrend  er  andrer- 
seits  die  Formen  mit  tinktoriell  gleichem  Verhalten  der  Granula 
als  zusammengehorig  betrachtete.     Ein  Teil  der  Ehrlichschen 
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Schule  hat  diese  Auffassung  als  Grunddogma  angenommen, 
namlich  dass  nur  "Zellen  der  gleichen  Artgleiche  Granula  her- 
vcfrbringen''  konnten,  wobei  aber  unter  gleichen  Granula  eben 
niir  farberisch  gleiche  Granula  verstanden  werden. 

.AJlein  diese  Lehre  lasst  sich  nicht  aufrecht  erhalten.  Angenom- 
men die  Art  der  Farbu^ng  sei  wirklich  der  Ausdruck  einer  chemi- 
schen  Reaktion,  so  ist  damit  doch  uber  Art  und  Wesen  der  Reak- 
tion  gar  nichts  ausgesagt,  und  die  eigenthch  chemische  Natur 
der  Granula  wxu'de  uns  infolgedessen  auch  in  der  Tat  nicht  um 
eine  Spur  klarer;  solange  wir  aber  nicht  den  chemischen  oder 
physiologischen  Charakter  der  Granulationen  kennen,  ist  es 
unmoglich  festzustellen,  ob  wirklich  diese  Protoplasmaeinlage- 
rung  eine  au^schliessliche  Eigentiimlichkeit  der  fraglichen  Zelle 
darstellt.  Aber  selbst  wenn  dem  so  ware,  so  ist  damit  noch 
lange  nicht  gesagt,  dass  deswegen  Zellen  mit  andren  Granula- 
tionen nicht  in  genetischen  Beziehungen  zu  ihnen  stehen  konnen 
oder  dass  vielleicht  sogar  auch  die  Ausarbeitung  der  Granula- 
tion nur  der  Ausdruck  eines  passageren  Funktionszustandes  ist. 
Wissen  wir  doch,  dass  in  den  gleichen  Zellen  die  verschiedensten 
chemischen  Umsetzungen  moglich  sind  und  zum  Teil  auch  zum 
morphologisch-granularen  Ausdruck  konunen  kSnnen,  wie  das 
z.  B.  bei  der  Leberzelle  der  Fall  ist.  Nun  sind  aber  noch  abge- 
sehen  von  diesen  allgemeinen,  gegen  die  Gtiltigkeit  und  Verwert- 
barkeit  der  farberischen  Besonderheiten  sprechenden  Erwa- 
gungen  noch  eine  Reihe  von  Momente  bekannt  geworden,  die 
in  gleichem  Sinne  sprechen.  So  haben  besonders  Arnold  und 
seine  Schtiler  nachgewiesen,  dass  in  der  gleichen  Leucocyten- 
form  verschieden  farbbare  Granula  (z.  B.  basophile  in  eosinophi- 
len)  vorkommen  konnen,  eine  in  der  Folge  von  Ehrlich  selbst  zu- 
gegebene  Beobachtung,  die  gerade  den  Hauptsatz  seiner  Beweis- 
fiihrung  imistosst;  denn  ist  in  der  Tat  der  Farbungscharakter 
der  Granulation  artbestinmiend  fxir  diese  und  die  Zelle  selbst,  so 
konnen  unmoglich  in  der  gleichen  Zelle  zwei  Granulaarten  vor- 
kommen, die  sich  mit  genau  denselben  tinktoriellen  Eigenschaf- 
ten  auf  zwei  sonst  als  spezifisch  verschieden  bezeichnete  Zellfor- 
men  verteilen.  Dass  man  sich  damit  zu  helf en  suchte,  und  die  far- 
berisch abweichende  Granulation  als  Jugendstadium  bezeichnete, 
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kann  daran  nichts  andem;  denn  selbst  wenn  demsoware,sowurde 
damit  gerade  bewiesen,  dass  der  tinktorielle  Charakter  nichts 
feststehendes  ist,  sondem  einem  Wechsel  unterliegt  und  somit  als 
ein  absolut  sicheres  Einteilungsprinzip  fiir  die  einzelnen  Zellkate- 
gorien  erst  recht  nicht  verwertbar  ist.  Besonders  auch  f tir  die  f ein- 
granulierten  Leucocy  ten  des  Menschen,  die  man  hier  als  neutrophile 
bezeichnet,  wurde  nachgewiesen,  dass  ihre  Jugendformen  nur 
Grannla  mit  basophilem  Farbungscharakter  enthalten,  die  erst 
im  Verlauf  der  weiteren  Zellumbildung  zu  neutrophilen  werden. 
Nun  steht  aber  jetzt  auch  weiterhin  fest,  dass  Granula  mit  glei- 
chem  Farbungscharakter  in  Zellen  vorkommen,  die  morpholo- 
gisch  und  genetisch  nicht  das  geringste  mit  einander  zu  tun 
haben,  und  andrerseits  sind  Zellen  mit  gleichen  Granuja  deswegen 
weder  morphologisch  noch  genetisch  gleich.  Als  Beispiel  fiir  den 
ersten  Fall  sei  daran  erinnert,  dass  eosinophile  Komelung  sowohl 
den  Darmepithelien  als  auch  den  Zellen  des  Dotterentoderms 
eigen  sein  kann,  ja  u^  bei  den  Leucocyten  zu  bleiben,  dass  beim 
Kaninchen  die  feingranulierten,  den  neutrophilen  oder  spezial 
granulierten  Formen  entsprechenden  Elemente  gleichf alls  eosino- 
phil sind,  also  den  gleichen  Farbungscharakter  wie  die  grob- 
granulierten  oder  eosinophilen  besitzen;  dass  mansie  zur  Unter- 
scheidung  von  diesen  als  pseudoeosinophile  bezeichnet  hat,  ist 
ein  lediglich  nomenklatorischer  Notbehelf ,  der  tiber  die  Tatsache 
selbst  nicht  hinwegtauschen  kann,  dass  eben  beim  Kaninchen 
fein-  imd  grobgranulierte  Leucocyten,  die  sonst  auf  Grund  der 
verschiedenen  Faxbbarkeit  morphologisch  upd  genetisch  scharf 
von  einander  getrennt  werden,  gleiche  FarbenaflBnitat  besitzen. 
Fiir  den  zweiten  oben  genannten  Fall  geben  die  Mastleucocyten 
ein  sehr  gutes  Beispiel  ab.  Wahrend  man  friiher  lediglich  auf 
Grund  des  farberischenEinteilungsprinzips  alle  basophil  granulier- 
ten Elemente  als  Mastleucocyten  zusammenfasste,  hat  sich  jetzt 
gezeigt,  dass  nicht  nur  die  Mastzellen  des  Blutes  und  des  Binde- 
gewebes  durchaus  morphologisch  von  einander  verschieden  sind 
(Fig.  5,  6,  u.  7),  sondern  dass  auch  die  Mastzellen  des  Blutes,  die 
sog.  Mastleucocyten  nachihremmorphologischenBilde  zwei  ver- 
schiedenen Tjrpen  angehoren,  die  ich  als  Typus  Mensch  (Fig.  5) 
und  Typus  Meerschweinchen  (Fig.  6)  bezeichnet  habe. 
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Aus  all  dem  ergibt  sich  also,  dass  der  farberische  Charakter 
der  Leucocytengranulation  keinen  sicheren  oder  gar  allein  ver- 
wertbaren  Massstab  zur  Beurteilung  der  morphologischen  und 
genetischen  Beziehungen  der  verschiedenen  Formen  zu  einander 
abgeben  kann.  Morphologische  Gesichtspimkte  sind  es,  die 
allein  nur  fiir  die  Beurteilung  dieser  Fragen  in  Betracht  kommen 
konnen.  Ftir  die  Granulationen  selbst  sind  ausBer  der  Art  ihrer 
Farbbarkeit  vor  allem  auch  ihre  Form,  Grosse  und  Zahl  bestim- 
mend.  Daneben  ist  es  aber  besonders  der  Kern,  der  ein  wesent- 
liches  Kriterium  und  Charakteristikum  des  morphologischen 
Zellbildes  abgibt. 

Wahrend  man  urspninglich  der  Kernform  keinerlei  besondere 
Beachtung  schenkte  und  die  Anatomen  gar  geneigt  waren  an- 
zunehmen,  dass  seine  Form  nicht  konstant  sei,  sondem  als  Folge 
der  amoboiden  Bewegimg  mit  dieser  beliebig  wechseln  konne, 
habe  ich  zu  zeigen  vermocht,  dass  doch  eine  grosse  Gesetzmas- 
sigkeit  in  der  Kernform  vorwaltet.  Schon  langst  war  bekannt, 
dass  die  jugendlichen  Zellen  speziell  auch  die  der  granulier- 
ten  Leucocyten  einen  rundlichen,  in  sich  geschlossenen  d.h.  aus 
einer  einheitlichen  Masse  bestehenden  Kern  besitzen — ^mono- 
nukleare  Leucoc3rten — den  ich  als  kompakt  bezeichne  (Fig.  1 ,  a. 
u.  4,  a).  Diese  Kernform  erfahrt  nun  eine  Umbildimg,  deren 
Griinde  noch  unbekannt  sind,  die  aber  nicht  in  aussem  Zufal- 
ligkeiten,  wie  die  Art  der  Bewegung  es  ist,  zu  suchen  ist,  sondem 
in  inneren  Zellvorgangen,  den  Beziehupgen  der  Kemsubstanz 
ziun  umgebenden  Protoplasma.  Der  rundliche  Kern  wird  zu- 
nachst  nieren-  dann  hufeisenformig  imd  erscheint  in  seiner  Ge- 
sammtheit  wmrstformig  peripher  gelagert.  Weiterhin  wird  die 
einheitliche  Kemmasse  gelappt  und  zwar  derart,  dass  die  einzelnen 
Lappen  noch  durch  feine  Faden  in  Verbindung  bleiben.  Eine 
vollige  Zerteilung  deh  Kernes  in  isolierte  Fragmente  kommt  im 
normalen  Blute  nicht  vor,  wohl  aber  im  pathologisch  verander- 
ten  oder  an  Leucocyten,  die  wie  bei  der  Entztindung  die  Gefass- 
bahn  verlassen  haben;  solche  fragmentierte  Leucocyten  sind  als 
Degenerationsformen  aufzufassen  (Fig.  1,  gr,  A,  u.  Fig.  4,  d). 
Die  Art  der  Lappung  ist  bei  den  einzelnen  granulierten  Formen 
durchaus   und    charakteristisch   verschieden.    Am   einfachsten 
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verhalten  sich  hierin  diegrobgranulierten  (eosinophilen)  Elemente. 
Die  Lappung  besteht  hier  meistens  in  einer  Zweiteilung,  so  dass 
der  Kern  hantel-  oder  zwerchsackf ormig  erscheint  (Fig.  4,  6,  c,  e) ; 
seltener  sind  drei  Lappen;meist  sindauchdiebeidenLappen  gleich 
oder  nahezu  gleich  gross.  Bei  der  Ratte  und  Maus  hat  der  Kern 
dieser  Zellen  die  Form  eines  gleichmassig  dicken  Ringes.  Bei 
den  feingranulierten  Leucocyten  ist  die  Lappung  reichlicher,  bis 
zu  f iinf  Segmente  konimen  hier  vor,  und  daraus  erklart  sich  auch 
die  bei  diesen  Leucocyten  zu  beobachtende  eigentiimliche  Ver- 
schiedenheit  der  Kemformen,  die  in  einer  nur  durch  die  amoboide 
Bewegimg  bedingten Verlagerungder  Lappen  begriindet  ist.  Wah- 
rend  der  gesanunte,  auch  gelappte  Kern  seine  periphere  hufeisen- 
formige  Lagerung  zimachst  beibehalt  (Fig.  1,  6,  d),  werden 
durch  die  Bewegung  die  einzelnen  Teile  derart  verlagert,  dass 
Spiralen,  S-  oder  Schleifenformen  entstehen  (Fig.  1,  e,  /).  Wo  in 
der  Regel  nur  Zweilappung  auftritt,  wie  bei  den  grobgranulierten 
Leucocyten,  konunt  es  hochstens  zur  Bildung  einer  S-Form  (Fig. 
4,  6).  Qanz  besonders  verhalten  sich  die  Mastleucocyten;  wah- 
rend  die  vom  Tjrpus  des  Meerschweinchens  in  ihrer  Kernform 
den  feingranuHerten  ahnebi  (Fig.  6),  besitzen  die  menschlichen 
im  normalen  Blute  meist  kompakte  und  wenig  unregehnassige 
Kerne  (Fig.  5,  a,  6) ;  im  pathologisch  veranderten  Blute  (Leuca- 
mie)  kann  auch  hier  eine  sehr  starke  Lappung  eintreten,  an  der 
aber  jede  Gesetzmassigkeit  vermisst  wird;  die  Kerne  werden  hier 
viehnehr  im  einzeln  ganz  verschieden  zerkliiftet  und  fragmentiert 
(Fig.  5,  6,  /). 

Wie  die  gleichzeitig  mit  der  Lappung  in  der  Kemstruktur  nach- 
weisbaren  Veranderungen  beweisen,  bei  denen  die  Tendenz  zur 
Verklumpung  und  Homogenisierung  bei  gleichzeitigem  Schwund 
der  Kernkorperchen  ganz  unverkennbar  ist,  handelt  es  sich  bei 
der  Lappenbildung  in  letzter  Linie  auch  unl  morphologisch  dege- 
nerative Umwandlungen,  mit  denen  der  Kern  seine  Fahigkeit  zur 
mitotischen  Teilung  verliert.  Diese  selbst  ist  ausschliesslich  an 
den  jugendUchen  Zustand  des  kompakten,  nicht  gelappten  Kerns 
gebunden.  Dass  gelappte  Kerne  infolge  der  Bewegung  oder  aus 
inneren  Grtinden  wieder  zu  kompakten,  rundkernigen  Formen 
werden  konnen,  ist  sicher  auszuschliessen;  die  in  der  Literatiu* 
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niedergelegten  entgegenstehenden  Beobachtungen  am  lebenden 
Objekt  beruhen  auf  Tauschung  imd  sind  dadurch  zu  erklaren,  dass 
bei  der  Bewegung  die  einzebien  Lappen  gelegentlich  in  einen 
Haufen  zusammenzuliegen  kommen,  der  am  imfixierten  und 
ungefarbten  Material  dami  als  eine  einheitliche  Masse  erscheinen 
kami. 

Weiterhin  zeigte  sich  aber  auch,  dass  die  Art  der  Lappung  bei 
den  einzelnenFormenganzcharakteristisch  ist.  Die  grobgranulier- 
ten  Leucocyten  weisen  meistens  nur  zwei  Lappen  auf  bei  gleich- 
zeitiger  Konstanz  der  Kemlappmig,  wahrend  die  feingraniUier- 
ten  viel  reichlicher  gelappt  sind  und  infolgedessen  auch  vielge- 
staltiger  und  variabler  in  Art  und  Lagerungder  Lappen.  Die 
Mastleucocyten  zeigen  unter  normalen  Verhaltnissen  einfache 
kompakte  Kerne.  Es  ist  interessant  und  wichtig,  dass  diese 
Eigentiimlichkeiten  des  Kernes  nicht  etwaauf  den  Menschen 
beschrankt  sind  sondem  im  Prinzip  sich  auch  bei  alien  andren 
Saugetieren  imd  auch  bei  den  Amphibien  nachweisen  lassen. 

Was  nun  die  Morphologie  der  GranuJationen  angeht,  so  herrscht 
hier  viel  weniger  Einheitlichkeit  als  bei  den  Kemformen.  An- 
scheinend  durch  die  ganze  Reihe  der  Wirbeltiere  sind  grobgranu- 
lierte  Leucocyten  nachweisbar.  Ihre  Farbbarbeit  mit  Eosin 
hat  dazu  gefiihrt,  alle  Elemente,  die  solche  mit  Eosin  farbbare 
Einlagerungen  besitzen  als  gleichwertig  zu  betrachten  und  dem- 
nach  finden  sich  in  der  Literatur  alle  mit  dieser  Eigenschaft  aus- 
gestatteten  Elemente  so  verzeichnet  ohne  Rucksicht  auf  die  mor- 
phologischen  Besonderheiten  der  Granula  selbst.  Ich  habe  schon 
oben  darauf  hingewiesen,  dass  beim  Kaninchen  sog.  pseudoeosino- 
phile  Granula  neben  richtigen  eosinophilen  vorhanden  sind,  dass 
man  aber  wegen  ihres  zahlenmassigen  Vorkommens  u^d  ihres 
ganzen  biologischen  Verhaltens  die  pseudoeosinophilen  Leuco- 
cyten morphologisch  und  physiologisch  den  feingranulierten  der 
iibrigen  Sanger  gleichsetzen  muss,  vor  allem  auch  deswegen  weil 
diese  selbst  sonst  voUstandig  fehlen  wtirden.  Eine  ahnliche  Vor- 
sicht  ist  bei  der  Beiui^ilung  der  stabchenformigen  oder  kristal- 
loiden  Leucoc3rten  geboten,  die  eosinophilen  Farbungscharakter 
besitzen,  aber  in  ihrem  biologischen  Verhalten  eher  den  fein- 
granulierten entsprechen  diirften,  wenn  man  iiberhaupt  solche 
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Homologien  aufstellen  darf .  Diese  kristalloiden  Granula  finden 
sich  in  den  Leucocyten  mancher  Fische  (bei  einzelnen  Selachiem) 
imd  bei  Vogeln,  daneben  kommen  hier  aber  auch  Leucocyten  mit 
nindlichen  eosinophilen  Granulationen  vor.  Die  bei  den  Saugem 
als  eosinophil  bezeichneten  Granulationen  sind  meist  nipdlich, 
selten  ellipsoid  oder  langlich  und  von  verschiedener  Grosse,  bei 
den  Pferden  sind  sie  besonders  voluminos.  Am  frischen  Objekt, 
besonders  deutlich  an  frischen  Zupfpraparaten  des  Knochen- 
marks  weisen  sie  eine  gelbgriinliche^hamoglobinahnliche  Farbung 
auf ,  die  gerade  auch  beim  Pferde  besonders  deutlich  hervortritt — 
Semmers  "rote  Komerkugeln."  Bei  Amphibien,  ebenso  wie  bei 
Saugetieren,  haben  sie  nicht  selten  eine  mittlere  helle,  vakuolen- 
artige  Stelle,  die  bei  seitlicher  Betrachtung  die  Granulation  napf- 
formig  erscheinen  lasst  (Fig.  4,  e). 

Die  Granula  der  feingranulierten  Leucocyten,  die  beim  Men- 
schen  neutrophilen  Farbungscharakter  aufweisen,  variieren  bei 
den  Saugetieren  in  ihrem  Verhalten  zu  den  Farbstoffen  sehr  stark; 
beim  Kaninchen  sind  sie  pseudoeosinophil,  beim  Meerschwein- 
chen  amphophil,  bei  Maus  und  Ratte  sind  sie  mit  den  iiblichen 
Farbungsmethoden  iiberhaupt  nicht  nachweisbar.  Das  letztere 
Verhalten  erinnerf  an  die  entsprechenden  Zellen  der  Amphibien, 
in  denen  sich  bisher  keine  Granulationen nachweisenliessen.  Hin- 
sichtlich  der  Form  und  Grosse  der  Granula  besteht  grossere  Ueber- 
einstimmung,  insofem  sie  bei  alien  Tieren,  wo  sie  bisher  beschrie- 
ben  wurden,  ziemlich  klein,  rund  und  von  gleicher  Grosse  sind. 

Die  basophilen  Granula  der  Mastleucocyten  sind  beim  Men- 
schen  grob  und  sehr  unregelmassig  in  Form  und  Grosse,  auch  ihre 
Zahl  wechselt  in  den  einzelnen  Zellen  ziemlich  stark  (Fig.  5,  a-d). 
Beim  Typus  des  Meerschweinchens  sind  die  Granula  sehr  zahl- 
reich,  grosser  wie  die  eosinophilen  und  von  mehr  ovaler  gleich- 
massiger  Form  (Fig.  6,  a,  6).  Interessant  ist,dass  sie  bei  den  Am- 
phibien, speziell  bei  den  Anuren,  sich  mehr  an  den  menschlichen 
Typus  anlehnen  (Fig.  5,  g-k). 

Ueber  die  Bedeutung  der  verschiedenen  Granulationen  ist  noch 
wenig  bekannt.  Wahrend  wir  die  feinen  Granula  wohl  als  endo- 
gene  Protoplasmabildungen  ansehen  diirfen,  scheint  bei  den 
menschlichen  Mastleucocyten  die  Bildung  der  Granula  unter 
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Mitbeteiligimg  des  Kerns  vor  sich  zu  gehen,  was  bei  gleichzeitiger 
Dekomposition  des  Kernes  auf  irgend  welche  degenerative  Um- 
bildungsprocesse  schliessen  iSsst.  Doch  diirfte  das  eben  nur  fiir 
die  beim  Menschen  vorkommende  Form  Geltung  haben. 

Die  eosinophilen  Granula  der  Saugetiere  sind  als  exogene  Plas- 
maeinlagerungen  zu  bezeichnen  und  zwar  als  hamoglobinhaltige 
Teile,  grosstenteils  von  Erythrocyten  herriihrend,  die  durch  ha- 
moljrtische  Vorg&nge  zerstort,  oder  in  toto  phagocytiert  wurden 
(Fig.4,M). 

Aus  -all  dem  ergibt  sich  also,  dass  die  Granulationen  der  Leu- 
cocyten  keineswegs  gleichwertige  Bildungen  sind,  ftir  deren  Beur- 
teilung  das  Verhalten  zu  Farbstoffen  einen  irgendwie  geniigenden 
Anhaltspunkt  bote.  Nur  das  gesammte  morphologische  und 
biologische  Bild  der  Zelle  vermag  Aufschliisse  iiber  ihre  Art 
und  Bedeutung  zu  geben  und  daraus  folgt  jedenfalls  soviel,  dass 
die  verschieden  granulierten  Leucocyten  als  einseitig  differen- 
zierte  Zellen  aufzufassen  sind,  deren  Fimktion  und  Lebensschick- 
sal  festgelegt  ist.  Ein  Uebergang  einer  Zellform  in  die  andre  ist 
bisher  nicht  beobachtet  worden  und  auch  nicht  wahrscheinlich. 
Diese  spezielle  Diflferenzierung  hindert  abernaturlich  keineswegs 
anzunehmen,  dass  die  Zellen  aus  indifferenten  gleichen  Formen 
fortdauemd  ihre  Entwickelung  nehxnen. 

Viel  weniger  als  die  granulierten  Leucocyten  variieren  die  un- 
granulierten.  Soviel  bisher  bekannt  geworden  ist,  finden  sich 
bei  alien  Wirbeltieren,  wenn  auch  in  wechselnder  Zahl  zweierlei 
Formen,  die  man  als  kleine  und  grosse  bezeichnen  kann,  ohne 
dass  aber  etwa  diese  beiden  Formen  absolut  unabhangig  von 
einander  waren;  im  Gegenteil  lasst  sich  zeigen,  dass  bei  alien 
Tieren  Zwischenformen  vorkommen,  die  gestatten  eine  kontinu- 
ierlich  fortlaufende  Reihe  von  den  kleinenzu  den  grossen  Formen 
aufzustellen.  Die  kleinen  Formen,  die  nach  EhrUch  jetzt  fast 
allgemein  als  Lymphocyten  bezeichnet  werden,  sind  durch  einen 
verhaltnisanassig  grossen,  meist  runden  Kern  und  schmalen  Plas- 
masaom  charakterisiert,  das  Plasma  besitzt  mehr  oder  weniger 
ausgesprochen  basophilen  Farbungscharakter  (Fig.  8,  a-d  u.  I). 
Die  grossen  Formen  haben  einen  grossen,  nmdUchen,  bohnen- 
formigen  oder  sonst  eingekerbten  Kern,  der  aber  niemals — unter 
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normalen  Verhaltnissen — Lappenbildimg  zeigt,  wie  sie  fur  die 
granulierten  Formen  charakteristisch  ist;  das  Plasma  ist  breit 
iind  enthalt  bei  manchen  Tieren,  so  besonders  beim  Meerschwein- 
chen,  eigentumliche  grobe  Einlagerungen — sog.  Kurloflfsche 
Korperchen — ^iiber  deren  Natur  nichts  bestimmtes  bekannt  ist 
(Fig.  8,  e-4  u.  m).  Sowohl  bei  den  kleinen  wie  bei  den  grossen 
Formen  finden  sich  gelegentlich,  oft  sehr  selten  und  unregelmassig, 
vereinzelte  Granniationen,  die  nur  mit  bestimmten  Farbstoflfen 
darstellbar  sind  und  die  als  azurophil  beschrieben  werden;  uber 
ihre  Bedeutung  ist  nichts  genaues  bekannt.  Die  grossen  Formen 
gehen  unter  den  verschiedenen,  oben  aufgefiihrten  Namen. 

Was  nun  die  Beziehungen  der  verschiedenen  Leucocytenf ormen 
zu  einander  und  ihre  Herkunft  angeht,  so  habendiealteren  Anato- 
men  angenommen,  dass  sie  alle  eines  Ursprungs  sind  und  aus  den 
Lymphdriisen  entstehen.  Erst  Ehrlich  hat  auf  Grund  seiner 
faxbungsdiagnostischen  Einteilung  auch  ortlich  und  genetisch 
eine  Trennung  dereinzelnen  Formen  vorgenonmien,  und  zwar  ver- 
legte  er  den  Ort  der  Entstehung  der  kleinen  Lymphocyten  in  die 
Lymphdriisen,  die  der  granulierten  in  das  Eiiochenmark  und 
fiir  die  grossen  ungranulierten  Elemente  liess  er  es  imgewiss, 
ob  sie  aus  Knochenmark  oder  Milz  stammen.  Aber  auch 
genetisch  soUten  die  verschiedenen  Formen  nichts  miteinan- 
der  zu  tun  haben,  sondem  wieder  aus  speziellen  differenzierten 
Elementen  auf  dem  Wege  der  Mitose  hervorgehen.  Diese 
letztere  Auffassung  gewann  in  der  Folge  namentlich  dadurch  an 
Boden,  dass  es  gelang,  in  granulierten  Leucocyten  des  Knochen- 
marks  Mitosen  nachzuweisen  und  zwar  in  den  grob-  und  fein- 
granulierten  der  Saugetiere;  aus  den  im  Knochenmark  stets  vor- 
handenen  granulierten  Mutterzellen,  die  durch  einen  einheit- 
lichen  kompakten  Kern  charakterisiert  sind — ^mononukleare 
Leucocyten,  sog.  Myelocyten — (Fig.  1,  a,  u.  Fig.  4,  a),  sollten 
so  durch  Teilung  die  eigentlichen  Leucocyten  inrnier  neu  gebildet 
werden.  Auch  hier  hat  man  auf  Grund  einzelner  Beobachtungen 
wieder  verallgemeinert :  da  beim  Meerschweinchen  in  den  Mast- 
leucocyten  des  Knochenmarks  Mitosen  festgestellt  wurden, 
schlops  man  ohne  wei teres,  dass  alle  Mastleucocyten  auf  gleichem 
Wege  im  Knochenmark  entstiinden  und  doch  ist  heute  sicher, 
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dass  beim  Menschen  die  Mastleucocyten  einen  ganz  anderen  Ty- 
pus  zeigen,  und  ebenso  ist  fiber  ihr  vermehrtes  Vorkommen  im 
Knochemnark  und  gar  fiber  mitotische  Teilung  nichts  bekannt 
geworden.  Diese  ursprungliche  Lehre,  dass  graniilierte  Leu- 
coeytenauch  postembryonal  nur  auf  mitotischem  Wege  aus  ebenso 
granulierten  entstehen,  ist  bald  erschfittert  worden  und  zwar 
durch  den  Nachweis  ungranulierter  Elemente  von  Ijnnphocy- 
tarem  Charakter  im  Knochemnark  selbst;  diese  Zellen,  die  man 
als  Markzellen,  Promyelocyten,  etc.,  bezeichnet  hat,  soUen  in 
ihrem  basophilen  Plasma  Gramila  von  zmiachst  basophilem  Far- 
bmigscharakter  ausarbeiten  mid  so  zu  Myelocyten  werden.  Auch 
hierbei  wmxie  wieder  insofem  verallgemeinert,  als  die  ftir  die 
feingranulierten  Elemente  festgestellten  Tatsachen  ohne  weiteres 
auf  die  grobgranulierten  und  die  Mastleucocyten  fibertragen 
wurden. 

Die  kleinen  Ljnnphocyten  sollten  nach  diesen  Lehren  in  den 
Lymphdrfisen  imd  zwar  zunachst  ausschliesslieh  dort  aus  den 
grossen  Keimzentrumszellen  der  Sekimdarknotchen  entstehen. 
Eine  weitere  Entwickelung  aber  wurde  geleugnet,  die  Lympho- 
cy ten  soUen  stets  nur  Lymphocyten  bleiben ;  nur  in  pathologischen 
Fallen  soli  eine  degenerative  Weiterbildimg  in  der  Form  stark 
buchtkemiger  Zellen  moghch  sein,  die  man  als  Riedersche  Zellen 
bezeichnet  hat.  Die  Keimzentnunszellen  selbst  soUen  normaler 
Weise  uberhaupt  nicht,  hochstens  bei  Kindem  in  die  Zirculation 
gelangen.  Noch  weniger  wusste  man  mit  den  grossen  ungranu- 
lierten  Zellen  anzufangen;  zwar  nahm  Ehrlich  anfangs  selbst  an, 
dass  sie  zu  granulierten  werden  konnen,  aber  seine  Schule  hat 
diese  Ansicht  bald  aufgegeben  und  die  Zellen  als  selbststandige 
Gebilde  betrachtet,  die  man  weil  sie  besonders  aus  der  Milz  stam- 
men  soUen,  spaterhin  auch  mit  dem  Namen  der  Splenocyten  be- 
iegte. 

Die  AuflSndimg  imgranulierter  lymphocytenahnUcher  Elemente 
im  Knochemnark  ffihrte  zur  Aufwerfung  der  Frage,  ob  dieses 
Element  identisch  ist  mit  den  grossen  Lymphocyten  der  Keim- 
zentren.  Wahrend  die  einen  diese  Identitat  auf  Grund  der  all- 
gemeinen  morphologischen  Uebereinstimmung  der  beiden  Formen 
und  gestutzt  auf  die  Tatsache,  dass  diese  Zellen  neben  granu- 
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lierten  Leucocyten  auch  typische  Lymphocyten  im  Knochen- 
mark  aus  sich  hervorgehen  lassen,  behaupten,  bestritten  andre 
jegliche  Identitat.  Von  vielen  wird  dabei  zwar  die  morphologi- 
sche  Unmoglichkeit  der  Unterscheidung  zugegeben,  aber  doch  die 
Verschiedenheit  der  Art  aus  der  angeblichen  Divergenz  der  Diflfe- 
renzierungsprodukte  abgeleitet.  Andre  wieder,  so  besonders  Na- 
geli  und  Schridde,  suchen  nach  morphologischen  Unterschieden 
zwischen  den  beiden  Ausgangsformen.  Wahrend  Nageli  ur- 
spninglich  die  Zahl  der  Nukleolen  verwerten  wollte,  kam  cr  spater 
selbst  wieder  davon  ab,  nachdem  er  einsehen  musste,  dass  bei 
der  notorischen  Inkonstanz  dieser  Gebilde  und  ihrer  Variabilitat 
bei  beiden  Formen  diesen  Kriterien  keinerlei  Bedeutung  zukom- 
men  kann.  Viel  Wert  wiu'de  dann  besonders  von  Schridde  auf 
das  Vorhandensein  Altmannscher  Granula  in  den  lymphocytaren 
Elementen  der  Lymphdrusen  gelegt,  die  in  den  Promyelocyten 
des  Ejiochenmarks  fehlen  soUten.  Ganz  abgesehen  davon,  dass 
aber  solche  Granula  schon  friiher  von  Ceconi  und  neuerdings  von 
Walgren  und  E.  Meyer  auch  in  den  Promyeolocyten  des  Knochen- 
marks  nachgewiesen  wiu*den,  handelt  es  sich  bei  dieser  Bildung 
um  keinerlei  artbestinunendes  Merkmal.  Benda  halt  diese 
Kornelung  fiir  Mitochondrien,  wie  sie  sich  in  alien  wachsenden 
Zellen  nachweisen  lassen.  Es  scheint,  dass  neuerdings  auch 
Schridde  selbst  von  seiner  Wertschatzung  dieser  granu^aren  Bild- 
ungen  abgekommen  ist,  denn  er  bezeichnet  jetzt  den  Kern  und 
nicht  mehr  die  Granula  als  '*  Wappen''  der  Zelle. 

Somit  steht  heute  fest,  dass  die  ungranujierten  Zellen  des 
Knochenmarks,  die  weiterhin  sich  in  die  granulierten  Formen 
differenzieren,  upd  die  grosseren  Lymphocyten  der  Lymphdrusen 
morphologisch  du^chaus  identische  Elemente  sind.  Aber  diese 
Identitat  kann  aber  noch  auf  andrem  Wege  erwiesen  werden. 
Wie  wir  wissen,  dass  im  Knochenmark  aus  den  gleichen  Formen 
auch  typische  Lymphocyten  gebildet  werden  konnen,  sowohl  un- 
ter  normalen  wie  besonders  auch  unter  pathologischen  Verhalt- 
nissen,  so  lasst  sich  auch  andrerseits  zeigen,  dass  die  im  lymphoi- 
den  Gewebe  gebildeten  Lymphocyten  weiter  differenzierungs- 
fahig  sind  und  zwar  auch  in  der  Richtung  der  granulierten  Leu- 
cocyten. 
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Man  weiss  schon  langst,  dass  die  kleinen  Lymphocyten  der 
Ehrlichschen  Nomenklatur  aus  den  grossen  Fonnen,  den  Keim- 
zentrumszellen;  durch  mitotische  TeUung  hervorgehen,  andrer- 
seits  haben  aber  die  neueren  Untersuchungen  ergeben,  dass  diese 
kleinen  Formen  selbst  wieder  zu  grossen  teilungsf  ahigen  Elemen- 
ten  heranwachsen  konnen.  Das  lasst  sich  nicht  nnr  bei  Ent- 
ziindungen  zeigen,  wie  das  Maximow,  Helly,  Blumenthal,  Schott 
und  ich  getan  haben,  sondem  das  wird  auch  daduf  ch  erwiesen, 
dass  in  der  normalen  Lsonphe  stets  Zellen  in  Menge  angetroffen 
werden,  die  sowohl  in  Zellgrosse  wie  Kem  und  Plasmacharakter 
als  kontinuierliche  Uebergangsformen  zwischen  den  grossen  und 
den  kleinen  zu  gelten  haben  (Fig.  8,  a-i),  und  damit  kommen  wir 
auch  zu  einer  Erklarung  fiir  die  grossen  lymphocytaren  Elemente 
des  stromenden  Blutes,  deren  fragliche  Herkunf  t  Ehrlich  entweder 
in  das  Knochenmark  oder  in  die  Milz  verlegt  hat.  Untersucht 
man  namlich  die  Lymphe  des  Ductus  thoracicus,  so  findet  man 
nicht  nur  diese  grossen  Formen  in  Menge,  sondem  auch  reich- 
liche  Mitosen  in  ihnen  (Fig.  8,  h)  und  die  eben  erwahnten  Ueber- 
gange  zu  den  kleineren  Formen  (Fig.  8,  a-i).  Daraus  folgt,  dass 
die  sog.  grossen  mononuklearen  Leucocyten  Ehrlichs  jedenfalls 
auch  aus  der  Lymphe  stammen  und  wie  ihre  Fahigkeit  zur  mito- 
tischen  Vermehrung  erweist,  identisch  sind  mit  den  auch  morpho- 
logisch  mit  ihnen  iibereinstinmienden  Keimzentrumszellen.  Die 
kleinen  und  die  grossen  ungranulierten  Elemente  gehoren  also 
zusanunen,  es  sind  Lymphocyten  verschiedener  Grosse;  die 
kleinen  Formen  sind  lediglich  als  der  Ausdruck  einer  besonders 
lebhaften  artproduktiven  Zelltatigkeit  zu  betrachten,  wie  wir 
denn  auch  sonst  sehen,  dass  Zellen  bei  rasch  fortgesetzten  Tei- 
lungsvorgSngen  an  Grosse  abnehmen.  Nun  stanunen  aber  die 
grossen  Formen  nicht  ausschliessUch  aus  lymphoidem  Gewebe; 
sie  finden  sich  ebenso  in  Eiiochenmark  imd  Milz,  vor  allem  aber 
sind  mit  ihnen  auch  die  Zellen  identisch,  die  man  im  Transudat 
seroser  Hohlen  antriflft  (Fig.  9),  wo  sie  besonders  unter  entziid- 
lichen  Einfliissen  in  der  Form  der  Makrophagen  ein  wesentliches 
Zellelement  darstellen.  Man  hat  sie  friiher  hier  vielfach  fur 
emigrierte  und  stark  vergrosserte  Blutlymphocyten  gehalten  oder 
auch  ftir  abgestossene  und  degenerierende  Deckzellen  der  Serosa. 
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Nach  den  Untersuchungen  Schotts  steht  aber  fest,  dass  sie  nicht 
sammtlich  aus  dem  Blute  stammen,  sondem  znm  grosseren  Teil 
losgeloste  Deckzellen  besonders  des  Netzes  sind,  die  aber  nicht 
degenerieren,  sondem  im  Gegenteil  lebenskraftige,  mitotischer 
Teilung  fahige  Elemente  sind  (Fig.  9,  c),  mit  der  Aufgabe,  die 
bei  Entziindungen  in  die  serosen  Hohlen  gelangenden  grannlierten 
Leucocyten  oder  Fremdkorper  in  sich  aufzunehmen.  Sie  ent- 
sprechen  demnach  den  grossen  phagocytierenden  Zellen  der 
lymphoiden  Organe.  Aber  auch  im  Blute  selbst  konnen  diese 
Elemente  ihren  phagocytaren  Charakter  entfalten,  so  ist  vor  nicht 
langer  Zeit  ein  Krankheitsfall  dnrch  Rowley  bekannt  geworden, 
bei  dem  eben  die  grossen  mononuklearen  Leucocyten  andre  Zellen 
in  grossem  Massstab  in  sich  aufgenommen  hatten. 

Somit  kommen  wir  also  zu  dem  Ergebniss,  dass  die  ungranulier- 
ten  Leucocyten,  die  kleinen  und  die  grossen  Formen  zusammen- 
gehoren  und  die  gleichen  morphologischen  und  phj'^siologischen 
Mtrkmale  besitzen  wie  die  entsprechenden  Zellen  des  lymphoiden 
Gewebes,  dass  sie  aber  auch  den  undifferenzierten  Elementen 
des  Knochenmarks  gleichwertig  sind.  Von  diesen  wissen  wir, 
dass  sie  sich  in  der  Richtung  der  granulierten  Leucocyten  diffe 
renzieren  konnen,  das  gleiche  trifft  nun  aber  auch  ftir  die  beiden- 
Formen  der  lymphocytaren  Elemente  zu  und  zwar  ist  dieser 
Nachweis  fiir  jede  Form  der  granulierten  Leucocyten  zu  fiihren. 

Ein  typisches  Beispiel  fiir  die  Fahigkeit  lymphocytarer  Ele- 
mente, die  ihren  Ursprung  aus  einwandfrei  lymphoidem  Gewebe 
nehmen,  sich  in  feingranulierte  Leucocyten  umzuwandeln,  liefern 
die  sog.  Speichelkorperchen.  Wie  ich  zeigen  konnte,  sind  diese 
Zellen,  deren  Granulagehalt  schon  den  altesten  Beobachtem  nicht 
entgangen  war,  feingranulierte  (beim  Menschen  neutrophile)  Leu- 
cocyten. Nicht  nur  stinmien  ihre  Granula  mit  den  diesen  Zellen 
eigentiimlichen  in  Zahl,  Form,  Grosse  und  Farbungscharakter 
diu'chaus  iiberein,  sondern  auch  die  Kerne  weisen  die  charakte- 
ristische  Lappung  auf,  wenn  auch  bei  vielen  diedurchdieSpeichel- 
fliissigkeit  bedingte  Quellung  das  Bild  der  einzelnen  Lappen  ver- 
wischt  (Fig.  3).  Andrerseits  finden  sich  aber  auch  unter  ihnen 
Elemente  mit  kompaktem  Kern,  die  in  ihrem  ganzen  morpholo- 
gischen Verhalten  den  Myelocyten  des  Knochenmarks  entsprechen. 
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Demgemass  hat  Ehrlich  selbst  die  Speichelkorperchen  friiher  als 
neutrophile  Myelocyten  bezeichnet.  Die  Gegner  dieser  Auflfas- 
sung,  die  diese  Diflferenaierungsmoglichkeit  der  Lymphocyten 
leugnen,  sehen  die  kompaktkemigen  Formen  als  Degenerations- 
produkte  der  gelapptkemigen  an,  die  sie  als  feingranulierte  Leu- 
cocyten  aus  dem  Blute  ableiten.  Aber  abgesehen  davon,  dass  es 
ttberhaupt  keine  Degeneration  gibt,  die  aus  gelapptkemigen 
Formen  kompaktkemige  vom  morphologischen  Typus  der  ent- 
sprechenden  Speichelkorperchen  hervorgehen  lasst,  ist  dieser 
Einwand  schon  deswegen  bestinmit  unrichtig,  weil  er  von  der 
irrttunlichen,  dem  Anatomen  unverstandlichen  Anffassung  aus- 
geht,  dass  die  Speichelkorperchen  emigrierte  Blutleucocyten 
seien  und  nicht  aus  dem  lymphoiden  Gewebe  der  Tonsillen  stam- 
men.  Noch  deutlicher  lasst  sich  aber  die  Entwickelungsmog- 
lichkeit  der  Lymphocyten  im  Amphibienblut  nachweisen.  Die 
den  feingranulierten  Leucocyten  entsprechenden  Elemente  ent- 
behren  hier  jeder  Granulation,  dagegen  zeigen  sie  die  charakte- 
ristische  Lappung  und  Umbildung  des  Kernes  (Fig.  2,  e,  /).  Es 
lasst  sich  nun  im  Blute  junger  Amphibien  zeigen,  dass  diese  ge- 
lapptkemigen Leucocyten  in  kontinuierlicher  Reihe  mit  den  lym- 
phocytaren  Elementen  zusammenhangen,  die  ihrerseits  durchaus 
den  im  Knochenmark  nachweisbaren  Zellen  entsprechen  (Fig. 
2,  a-/). 

Ebenso  wie  die  feingranulierten  Leucocyten  nehmen  aber  auch 
die  grobgranulierten  (eosinophilen)  ihre  Entstehung  aus  Lym- 
phocyten. Ich  habe  schon  friiher  gezeigt,  dass  in  den  Blutlymph- 
driisen,  besonders  des  Schafes  und  der  Ratte,  alle  Uebergange 
zwischen  Lymphocyten  und  typischen  zwerchsackformigen  eosi- 
nophilen Leucocyten  nachweisbar  sind.  Ich  will  hier  auf  den 
gleichzeitig  geflihrten  Nachweis,  dass  die  eosinophilen  Granula 
selbst  nichts  andres  sind  als  die  Zerfallsprodukte  in  besonderer 
Weise  hamolysierter  Erythrocyten  nicht  weiter  eingehen,  da  es 
sich  hier  nur  um  den  Nachweis  der  Fahigkeit  der  Diflferenzierung 
der  Lymphocyten  uberhaupt  handelt.  In  neuerer  Zeit  gelang 
es  mir  auch  zu  zeigen,  dass  durch  Einwirkung  entsprechender 
Reize  die  lymphoiden  Zellhaufen  der  Taches  laiteuses  im  Netz 
von  Kaninchen  sich  in  Unmassen  typischer  eosinophiler  Leuco- 
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cyten  umzuwandeln  vermogen.  Gerade  hierbei  ist  mit  absolut 
Bestimmtheit  der  von  den  Leugnern  dieser  Differenzierung  erho- 
bene  Einwand  der  Emigration  aus  der  Blutbahn  zu  widerlegen, 
da  einerseits  weder  die  eosinophilen  Leucocyten  des  Blutes  ver- 
mehrt  erseheinen  noch  in  der  Auswanderung  sich  befinden,  an- 
drerseits  aber  die  eosinophilen  Leucocyten  sich  strikte  an  die 
Taches  laiteuses  halten  und  in  der  vorherrschenden  kompakt- 
kemigen  Form  alle  charakteristischen  Merkmale  des  Kernes  der 
kleinen  Lymphocyten  erkennen  lassen  (Fig.  4,  /-A;).  Inzwischen 
sind  diese  meine  Angaben  auch  von  Dominici  und  Pappenheim 
bestatigt  worden. 

Was  fiir  die  fein-  und  grobgranulierten  Leucocyten  gilt,  hat 
aber  auch  fiir  die  Mastleucocyten  seine  Berechtigung.  Speziell 
fiir  die  des  Menschen  konnte  ich  den  Nachweis  erbringen,  dass  sie 
durch  kontinuierliche  Uebergange  mit  Lsonphocyten  in  Zusam- 
menhang  stehen;  die  Zwischenformen  sind  durch  Zellen  mit 
kompaktem  Kem  und  sehr  sparlichen  Granula  ausgezeichnet, 
ebenso  deutlich  treten  diese  Beziehungen  im  Amphibienblute 
hervor,  wo  bei  jimgen  Tieren  auch  in  der  Zirculation  die  ganze 
Entwickelung  der  lymphocytaren  Elemente  zu  Mastleucocyten 
nachweisbar  ist  (Fig.  5,  g-k). 

Die  Moglichkeit  der  Umwandlung  der  Leucocyten  zu  granulier- 
ten  Leucocyten  und  zwar  nicht  nur  der  undiflferenzierten  Form 
des  Knochenmarks,  sondern  auch  der  im  typischen  lymphoiden 
Gewebe  gebildeten  Elemente  ist  nicht  emstUch  mehr  bestreitbar. 
Daran  andert  auch  die  Tatsache  nichts,  dass  wir  heute  noch  nicht 
in  der  Lage  sind,  die  Griinde  fiir  die  Differenzierung  zu  erkennen 
und  die  ortlichen  Ursachen,  die  sie  auslost.  Auch  dariiber  ob 
alle  Lymphocyten  sich  in  gleicher  Richtung  entwickeln,  vermogen 
wir  vorerst  nichts  zusagen;  aber  die  Fahigkeit  derWeiterentwicke- 
lung  in  dieser  Richtung  unter  Einwirkung  besonderer  Reize  ist 
zweifellos  diesen  Zellen  gegeben.  Diese  Fahigkeit  ist  nun  aber 
noch  eine  viel  weitergehende,  Man  hat  friiher  gerade  auf  ana- 
tomischer  Seite  und  besonders  unter  dem  Einfluss  der  Bizzozero- 
schen  Untersuchungen  angenonmien,  dass  die  Erythrocyten  seit 
ihrer  ersten  embryonalen  Entwickelung  einen  scharf  von  den 
Leucocyten  getrennten  Stamm  von  Blutzellen  darstellen,  die 
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sich  fortdauernd  aus  sich  heraus  lediglich  auf  dem  Wege  der  Mi- 
ftose  hamoglobinhaltiger  Mutterformen  vermehren.  Diese  Auf- 
fassung  fand  vor  allem  ihre  Stiitze  in  alterenembryologischenBeo- 
bachtungen,  wonach  die  Erythrocytenbildung  zeitlich  der  der 
Leucocyten  vorausgehe,  und  die  Feststellung  von  Mitosen  hamo- 
globinhaltiger Zellen  im  Knochenmark  durch  das  ganze  Leben 
hindurch  leistete  dieser  Annahme  Vorschub.  AUein  gerade  im 
Knochenmark  lasst  sich  zeigen,  dass  jenes  undiflFerenzierte  Element 
durch  kontinuierliche  Uebergfinge  nicht  nur  mit  den  granulierten 
Leucocyten,  sondem  auch  mit  den  Erythrocyten  oder  besser 
zunachst  mit  den  Erythroblasten  in  Zusammenhang  steht.  Noch 
deutlicher  gelingt  dieser  Nachweis  bei  den  Amphibien;  hier  finden 
sich  im  stromenden  Blute  junger  Tiere  alle  nur  wiinschenswerte 
Uebergangsformen  zwischen  den  Lymphocyten  einerseits  und  den 
ausgebildeten  roten  Blutkorperchen  andrerseitsv  (Fig.  10,  a-g), 
und  zwar  in  grossen  Mengen.  Was  aber  besonders  noch  zu 
Gunsten  dieser  Entwickelung  spricht,  ist  die  gleichzeitig  zu  kon- 
statierende  Tatsache,  dass  die  mitotische  Vermehrung  der  Ery- 
throcyten nicht  an  ein  bestinmites  Stadium  des  Hamoglobingehal- 
tes  gebunden  ist,  was  notwendiger  Weise  der  Fall  sein  miisste, 
wenn  dieser  Stoflf  als  ein  nur  durch  Teilung  iibertragbares  und 
den  Artcharakter  der  Zelle  auch  genetisch  bestinmiendes  Zell- 
organ  anzusehen  ware,  sondern  dass  die  Mitosen  in  jedem  Moment 
dieser  Entwickelung  und  somit  durchaus  unabhangig  vom  Hamo- 
globingehalt  selbst  und  seiner  Starke  nachweisbar  sind  (Fig.  10, 
h-k).  AUes  in  allem  also:  Die  Lymphocyten  besitzen  auch  die 
Fahigkeit  der  Diflferenzierung  in  der  Richtung  der  roten  Blut- 
korperchen, allerdings  ist  auch  hierbei  das  gleiche  zu  beriicksich- 
tigen,  was  schon  oben  iiber  die  Diflferenzierung  der  granulierten 
Leucocyten  gesagt  wurde,  dass  namlioh  die  auslosenden  Ursachen 
der  Entwickelung  nicht  an  alien  Orten  und  alien  Zeitenvorhanden 
zu  sein  brauchen. 

Die  hier  vertretene  Ansicht  einer  einheitlichen  Genese  aller 
Blutzellen  aus  einem  indiflFerenten,  in  der  Form  der  verschiedenen 
Lymphocyten  stets  in  der  Zirculation  vorhandenen  Element  findet 
auch  noch  ihre  Sttitze  durch  das  Experiment  und  die  ontogene- 
tische  Entwickelung.    Es  ist  schon  l&ngst  bekannt,  dass  Knochen- 
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marksgewebe  im  spateren  Leben  und  bei  ganz  gesunden  Indivi- 
duen  sich  an  Oertlichkeiten  etablieren  kann,  wo  es  urspriinglich* 
nicht  vorhanden  ist,  und  dass  dieses  Gewebe,  alle  charakteristi- 
schen  Elemente  des  Knochenmarks  umfassend,  sowohl  rote  wie 
weisse  Blutkorperchen  produzieren  kann.  Nimmt  man  an,  daas 
jede  Form  der  Blutzellen  ihre  eigene  durchaus  schon  dififeren- 
zierte  Mutterzelle  nur  im  Knoehenmark  habe  und  dass  diese 
Zellen  unter  normalen  Verhaltnissen  niemals  in  die  Zirculation 
gelangen  konnen,  so  ist  das  postembryonale  Auftreten  eines 
derartigen  Gewebes  vom  Charakter  des  Ejiochenmarks  an  frem- 
den  Oertlichkeiten  voUig  unverstandlich.  Ganz  anders  dagegen 
bei  der  Voraussetzung,  dass  dauemd  in  der  Zirculation  und  zwar 
in  der  Form  der  lymphocytaren  Elemente  Zellen  vorhanden  sind, 
die  die  Differenzierungsmoglichkeit  in  der  behaupteten  Richtung 
besitzen  und  unter  geeigneten,  uns  allerdings  unbekannten  Um- 
standen  auch  diese  Fahigkeit  erweisen.  So  erklart  sich  unge- 
zwungen  das  Auftreten  von  typischem  Knochenmarksgewebe  in 
den  bei  zunehmendem  Alter  verknochemden  Kehlkopfknorpeln. 
Die  Richtigkeit  dieser  Annahme  hat  Maximow  auf  dem  Wege  des 
Experiments  erhartet;  er  konnte  namlich  zeigen,  dass  in  der  Tat 
in  dem  Knochenmarkgewebe,  das  nach  Unterbindung  der  Nieren- 
arterie  in  der  hierbei  auf  tretenden  Knochenschale  zur  Ausbildung 
gelangt,  die  typischen  Zellformen  ihre  Entstehung  aus  den  undif- 
ferenzierten  lymphocytaren  Elementen  nehmen. 

Fiir  die  Einheitlichkeit  des  Ursprungs  aller  Blutelemente  aus 
einer  undifferenzierten  Form  sprechen  auch  die  neueren  Ergeb- 
nisse  der  Entwickelungsgeschichte.  Zwar  haben  die  Anhanger 
der  polyphyletischen  Ursprungstheorie  der  Leucocyten  auch  nach 
Beobachtungengesuchtjdiehier  zu  ihren  Gunsten  sprechen  soUen; 
in  diesem  Sinne  wurde  besonders  das  angeblich  friihere  Auftreten 
der  Erythrocyten  verwertet.  Auch  wurde  behauptet,  dass  die 
myeloiden  Zellen,  also  die  granulierten  Elemente  und  deren  un- 
granulierte  Vorstufen  fruher  entstiinden  als  die  Ljrmphocyten. 
Allein  es  wurde  schon  gezeigt,  dass  morphologisch  ein  Unter- 
schied  zwischen  den  Lymphocyten  und  jenen  ungranulierten  Vor- 
stufen der  granulierten  Leucocyten  gar  nicht  nachweisbar  ist, 
sodass  die  Behauptung  die  erst  auftretenden  Leucocyten  seien 
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"Myeloblasten"  eine  durch  keine  Tatsachen  belegbare,  absolut 
willkiirliche  Annahme  darstellt.  Im  Gegensatz  hierzu  haben 
Maximow  und  DantschakofiF,  ebenso  wie  friiher  schon  Bryce 
ge^eigt,  dass  von  allem  Anfang  an  bei  derDiflferenzierung  der  Blut- 
elemente  ein  Teil  der  Zellen  kein  Hamoglobin  ausarbeitet,  also 
farbloB  bleibt  und  so  den  morphologischen  Charakter  lympho- 
cytarer  Elemente  zeigt;  diese  Formen  lassen  sich  auch  dauemd 
in  der  Zirculation  nachweisen,  besonders  aber  in  den  speziell 
blutbildenden  Organen.  Also  gerade  Zellen  von  lymphocytarem 
Charakter  sind  neben  hamoglobinhaltigen  von  Anfang  an  vor- 
handen  und  auch  als  Mutterzellen  der  hamoglobinhaltigen  zu 
betrachten.  Die  ersten  granulierten  Leucocyten  treten  im  Binde- 
gewebe  auf  und  nehmen  ihren  Ausgang  aus  ungranulierten  Ijnm- 
phocytaren  Formen.  Speziell  auch  in  der  Leber  entstehen  die 
ersten  Leucocyten  aus  Zellen  die  zugleich  die  Mutterzellen  der 
roten  sind,  diese  Auffassung  Maximows  hat  in  neuester  Zeit 
Mollier  bestatigt.  Somit  spricht  die  Entwickelungsgeschichte 
durchaus  in  gleichem  Sinn  wie  die  Ergebnisse  der  Untersuchung 
der  postembryonalen  Verhaltnisse. 

Wir  kommen  also  zu  dem  Ergebniss,  dass  rote  und  weisse  Blut- 
korperchen  in  engen  genetischen  Beziehungen  zu  einander  stehen 
luid  zwar  derart,  dass  eine  gemeinsame  indifferente  Mutterzelle 
vorhanden  ist,  die  die  Fahigkeit  besitzt,  sich  nach  den  verschie- 
denen  Richtungen  hin  zu  differenzieren.  Diese  Mutterzelle  ist 
aber  nicht  nur  embryonal  nachweisbar,  sondem  sie  erhalt  sich 
das  ganze  Leben  hindurch  und  tragt  dadurch  zur  dauemden 
Regeneration  der  fortwahrend  ausscheidenden  Blutelemente  bei; 
dass  die  einzelnen  diflferenzierten  Formen  sich  daneben  noch 
mitotisch  weitervermehren,  kann  nicht  als  Einwand  gegen  die 
Entwickelungsmoglichkeit  geltend  gemacht  werden.  Die  Aus- 
gangsform  zeigt  den  morphologischen  Typus  der  ungranulierten 
Leucocyten,  d.h.  der  lymphocytaren  Elemente,  die  im  ausgebil- 
deten  Organismus  als  kleine  und  grosse,  aber  doch  stets  durch 
kontinuierliche  Uebergange  verbundene  Formen  vorkommen. 
Wie  schon  oben  gesagt  wurde,  hangt  diese  Variabilitat  im  Typus 
mit  der  besonders  lebhaften  Produktionstatigkeit  dieser  Elemente 
zu'^tammen.     Aber  sowohl  kleine  wie  grosse  Lymphocyten  be- 
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sitzen  die  Differenzierungsmoglichkeit,  wenn  sie  auch  abhangig 
ist  von  bestimmten,  uns  grosstenteils  unbekannten  und  im  um- 
gebenden  Milieu  zu  suchenden  Ursachen.  Dieselbe  Zelle  vermag 
postembryonal  im  Eiiochenmark  Erythrocyten  und  Leucocyten 
zu  produzieren,  dagegen  nicht  oder  nur  in  geringem  Umfang  in 
der  Milz,  Lymphdriisen  oder  in  sonstigem  lymphoiden  Gewebe. 
Sie  kann  aber  diese  Fahigkeit  aueh  hier  wieder  erwerben,  wenn 
die  Zellen  unter  die  Wirkung  spezieller  Reize  gelangen.  Bei 
bestimmten  Krankheiten  tritt  so  die  ''myeloide''  Umwandlung 
der  Milz  und  der  lymphoiden  Organe  auf,  im  verknochernden 
Knorpel  entsteht  so  typisches  Knochenmarkgewebe,  die  lymphoi- 
den Zellenhauf  en  des  Netzes  verwandeln  sich  so  in  Haufen  eosi- 
nophiler  Leucocyten. 

Die  alte  urspriingliche  Ansicht  des  einheitlichen  genetischen 
Charakters  aller  Blutzellen  erweist  sich  damit  als  richtig.  Aber 
das  ist  jedenfalls  von  der  neueren  Lehre  festzuhalten,  dass  die 
einmal  differenzierten  Zellformen  dauernd  als  solche  bestehen 
bleiben  oder  in  dieser  Form  zu  Grunde  gehen.  Rote  Blutkor- 
perchen  oder  gar  etwa  ihre  Kerne  konnen  nie  zu  Leucocyten  wer- 
den,  aber  auch  die  verschiedenen  granulierten  Formen  weisen 
keinerlei  Uebergange  un  tereinander  auf.  En  t  wickelungsf  ahig  sind 
allein  nur  die  lymphocytaren  Elemente.  Dass  gerade  diese  in 
gewissem  Sinne  das  jugendliche  regenerationsfahige  Element  der 
Blutzellen  darstellen,  geht  auch  aus  den  vergleichend  anatomi- 
scheu  tJntersuchungen  hervor.  Die  neueren  Erfahrungen  schon 
an  den  Blutzellen  der  Wirbellosen,  die  wir  Kollmann  verdanken, 
lehren,  dass  trotz  der  grossen  Mannigfaltigkeit  der  granulierten 
Formen,  die  grosstenteils  in  denen  der  Wirbeltiere  kein  deutliches 
Analogon  haben,  alle  aus  granulierten,  lymphocytaren  Elemen- 
ten  ihren  Ursprung  nehmen.  In  der  Reihe  der  Wirbeltiere  selbst 
lasst  sich  feststellen,  dass  bei  Fischen,  Amphibien  und  Vogeln  die 
Lymphocyten  fast  uberall  gegenuber  den  granulierten  oder  ge- 
lapptkernigen  Formen  der  Leucocyten  das  vorherrschende  Zell- 
element  darstellen,  ja  bei  manchen  Fischarten  finden  sie  sich  fast 
ausschliesslich.  Sehr  wesentlich  in  diesem  Sinne  ist  auch  die 
Feststellung,  dass  bei  jugendlichen  Individuen  der  gleichen  Art 
die  Lymphocyten  an  Zahl  iiberwiegen  oder  wenigstens  in  einem 
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viel  grossem  Prozentsatz  vorkommen  als  im  zunehmenden  Alter. 
Das  triflft  nicht  nur  fiir  die  Amphibien  zu,  wie  Freidsohn  zeigte, 
sondem  auch  ftir  den  Menschen.  Mag  auch  im  einzelnen  noch 
manches  der  naheren  Untersuchung  und  Aufklarung  bedurfen, 
so  ist  doch  aus  den  Feststellungen  der  letzten  Jahre  die  Tatsache 
des  monophyletischen  Ursprungs  aller  Blutzellen  als  gesichert  zu 
betrachten  und  die  Erkenntniss,  dass  die  lymphocytaren  Formen 
das  undifferenzierte,  regenerationsf&hige  Element  reprSsentieren. 


Digitized  by 


Google 


340  FRANZ   WBIDENREICH 

FIGURENERKLiERUNG 

1.  Feingranulierte  (neutrophile)  Leucocyten:  a,  kompaktkemige  Form  des 
Knochenmarics,  sog.  mononukle&rer  Leucocyt  oder  Myelocyt;  b-f :  Umbildung 
des  Kernes,  und  swar:    b,  ungelappte  Hufeisenform;    d,  gelappte  Hufeisenfonn; 

c,  amoboide  Bewegung;   e,  S-Fonn;    m,  Schleifenform;    g,  nnd  h,  fragmentierte 
degenerierende  Zellen  aus  entziindlichen  Exsudaten. 

2.  Gelapptkemige  Leucoc3rten  der  Amphibien  in  ihrer  Entwickelung  aus  lym- 
phocyt&ren  Elementen. 

3.  Speichelkorperchen  des  Menschen:    a  und  b,  mononukle&re  Fonnen;    c  und 

d,  Lappenbildung;    e,  gequoUene  Kemlappen. 

4.  Grobgranulierte  (eosinophile)  Leucocyten:  a,  kompaktkemige  Form  des 
Knochenmarks,  sog.  mononuklearer  Leucocyt  oder  Myelocyt;  b,  und  c,  typische 
Zwerchsackformen;  d,  Degenerationsform;  e,  aus  dem  Blute  eines  Bufo;  f,  g,  zu 
eosinophilen  Leucocyten  umgewandelte  Lymphocyten  aus  den  Taches  laiteuses 
des  Kaninchennetzes,  und  zwar:  f-i,  typische  Lymphocy tenkeme ;  1,  in  toto  pha- 
gocytierter  Erylhrocyt;  k,  Schatten  eines  ausgelauchten  Erytbrocyten  mit  um- 
gebenden  eosinophilen  Granulationen. 

6.  Mastleucocyten — basophil  granulierte  Leucocyten.  a-f,  menschliche  For- 
men,  imd  zwar:  a  und  b,  aus  normalem  Blute;  c-f,  aus  pathologisch  ver&ndertem 
Blute  g,  k,  aus  dem  Blute  von  Amphibien;  g,  lymphocyt&re  Form  mit  beginnen- 
der  Granulabildung. 

6.  Mastleucocyten  des  Blutes  vom  Meerschweinchen. 

7.  Mastzellen  des  Bindegewebes :  a,  aus  dem  Peritonealtranssudat  der  Ratte; 
b;  aus  dem  Netz  des  Meerschweinchens. 

8.  Kleine  imd  grosse  lymphocytare  Fonnen:  a-i,  kontinuierliche  Reihe  von 
Ueberg&ngen  zwischen  den  kleinen  Lymphocyten  und  den  grossen  mononukle&ren 
Leucocyten  aus  der  Lymphe  des  Kaninchens;  k,  Mitose  einer  grossen  Form  eben- 
daher;  1,  Lymphocyt  aus  dem  menschlichen  Blute;  m,  grosse  Form,  grosser  mono- 
nuklearer Leucocyt  aus  dem  menschlichen  Blute  in  amdboider  Bewegung. 

9.  Grosse  lymphocyt&re  Fonnen  ausdem  Peritonealtranssudat  des  Kaninchens; 
a  und  c,  normales  Transsudat;    c,  Mitose;   b,  aus  entzUndlichem  Exsudat. 

10.  Entwickelung  roter  Blutkorperchen  aus  lymphocytaren  Elementen:  a, 
lymphocyt&re  Ausgangsform.  Alle  Zellen  aus  dem  str5menden  Blute  junger 
Bufonen;  h-k,  Mitosen  in  Entwickelungsformen.  Die  Fabigkeit  zur  mitoti- 
schen  Teilung  ist  unabhangig  vom  Grade  des  Hamoglobingehaltes. 
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A  FURTHER  STUDY  OF  THE  HUMAN  UMBILICAL 

VESICLE 

HARVEY  E.   JORDAN 
University  of  Firgtnta,  Department  of  Anatomy j  Charlottesville,  Va, 

FOUR  FIQURB8 

The  material  for  this  study  consists  of  a  well-pre«erved  umbil- 
ical vesicle  of  a  13  mm.  hiunan  embryo.  The  specimen  was  sent 
to  me  in  a  5  per  cent  solution  of  formalin  immediately  after  hys- 
terectomy, by  Dr.  J.  L.  Crenshaw  of  Clwtrlottesville,  Va.  It  was 
at  once  transferred  to  95  per  ont  alcohol,  and  subsequently 
embedded  in  paraffin  and  sectioned  at  10  microns.  The  sec- 
tions were  stained  in  saffranin.  The  perfectly  normal  condition 
of  the  embryo  itself  and  of  the  chorionic  villi  would  seem  to  pre- 
clude all  possibility  of  post-mortem  degeneration,  pathologic  vari- 
ation or  fixation  artifacts. 

Primarily  the  object  was  simply  a  morphologic  study  of  the 
entodermal  tubules  of  this  stage,  supposed  to  be  just  past  the 
phasp  of  maximiun  development.  Hence  differential  stains  were 
noi  employed.  This  is  to  be  regretted  since  numerous  blood 
islands,  showing  with  especial  clearness  the  earliest  stage  in 
hematopoiesis,  were  subsequently  discovered.  The  main  cri- 
teria for  a  differentiation  of  these  cells  must  consequently  be 
morphologic,  e.g.,  presence  of  pseudopodia  (indicating  amoeboid 
motility),  shape  of  nucleus,  comparative  size  of  nucleus  and  cell, 
granular  character  of  cytoplasm,  etc.  Staining  capacity  of  the 
protoplasm,  however,  yields  consistent  confirmatory  information. 
Thus  a  certain  type  of  cell  always  has  a  deeply  staining  homo- 
geneous (haemoglobin-containing)  cytoplasm.  The  points  of 
special  interest  in  this  study  concern  the  tubules  ('' glands'' — 
Spee;  ** crypts'* — Selenka)  and  the  blood  islands. 
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An  exceptional  importance  attaches  to  the  human  imibilical 
vesicle  of  this  stage  of  development  and  for  two  reasons :  (1)  The 
tubules  have  just  entered  upon  a  functional  decline.  They  appear 
to  be  at  the  height  of  their  development  and  activity  in  vesicles 
of  embryos  of  about  9  nmi.  (Spee,  Meyer,  Jordan,  Branca.) 
(2)  Schridde  proposes  to  di\'ide  haematopoietic  phenomena  in 
the  hmnan  embryo  into  two  sharply  defined  periods.  The*earli- 
est  period  ends  at  about  the  10  to  12.5  nun.  stage  of  growth. 
Meanwhile  the  blood  cells  (all  of  a  single  type,  *' primary  erythro- 
blasts''  with  haemoglobin)  have  origin  in  blood  channels.  "Blut- 
raume,"of  the  mnbilical  vesicle  and  connecting-stalk.  Moreover 
the  original  cells  arise  only  from  **  vessel-wall  cells"  and  prolifer- 
ation is  strictly  intravascular.  In  embryos  of  13  mm.  the  liver 
has  assimied  the  haematopoietic  function.  Three  different  types 
of  cells  are  said  to  arise  simultaneously  from  the  outer  layers 
(i.e.,  extravascular)  of  the  hepatic  capillaries:  Myeloblasts,  sec- 
ondary erythroblasts,  and  giant  cells.  The  secondary  erythro- 
blasts  are  told  from  the  primary  by  their  smaller  size.  Both  from 
the  standpoint  of  material  and  results,  Schridde's  position  is 
unique.  On  the  basis  of  very  extensive  observations  on  material 
from  various  higher  mammals,  prepared  with  almost  fnultlf^; 
technique,  Maximow  rejects  Schridde's  hypothesis.  Tu-  I^t 
more,  as  regards  the  source  of  the  blood  cells  during  the  s'  .'  - 
of  hepatic  hematopoiesis,  these  two  investigators  disagrt-  .  Mi  \- 
imow  derives  the  blood  mother-cells  C'haematogonia.  *  *  Im-- 
phocytes,*'  ''primary  wandering  cells"  of  Saxer)  fro'.,  i  .  at 
mesenchyme.  Schridde  absolutely  denies  the  presencf^  -t  >uch 
in  the  embryonic  liver.  It  seems  clear  that  more  evidence  is 
demanded.  The  13  nmi.  hmnan  embryo  is  of  the  exact  stage  re- 
quired. A  careful  study  of  its  umbiUcal  vesicle  and  the  liver  may 
be  expected  to  give  indication  of  the  more  probable  conditions 
resi>ecting  primary  hematopK)iesis. 

In  anticipation  of  ensuing  results  it  may  be  said  that  the  evi- 
dence is  all  in  favor  of  a  continuous  and  identical  haematogenetic 
process.  And,  in  the  sense  that  only  one  source  of  origin  and 
only  one  line  of  cells  can  be  recognized,  the  members  of  which 
appear  identical  in  umbiUcal  vesicle,  liver,  and  heart,  the  evidence 
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supports  the  monophyletic  theory  of  blood  cell  formation.  More- 
over, except  for  occasional  endothelioblasts  which  become  trans- 
formed into  blood  cells,  the  proliferating  cells  in  the  hepatic 
capillaries  would  seem  to  have  been  carried  there  by  the  blood 
currents.  The  verity  of  such  a  conclusion  Schridde  denies,  claim- 
ing that  the  secondary  are  not  daughter  but  sister  cells  of  the  pri- 
mary erythroblasts. 

The  umbilical  vesicle  (fig.  1)  here  under  consideration  measured 
6  mm.  X  4  mm.  It  is  almost  spheric  in  shape.  Externally  it  is 
faintly  corrugated.  Sections  reveal  a  thicker  wall  distally  and  on 
one-half  of  its  surface  (fig.  2).  These  thicker  regions  contain 
the  tubules  and  blood  islands  (fig.  3).  The  tubules  are  of  two 
types;  open  and  bUnd.  The  former  are  mostly  cyUndric  in  shape 
and  generally  open  into  the  cavity  of  the  vesicle  by  a  constricted 
neck.  The  lining  cells  are  similar  to  those  lining  the  main  cavity 
and  continuous  with  them  at  the  neck.  The  Imnen  is  filled  with 
an  amorphous  coagulum  apparently  identical  with  that  of  the 
cavity.  Beyond  the  neck  the  tubules  bend  almost  at  right  angles 
and  generally  pass  distally,  though  occasionally  proximally.  The 
tubules  sometimes  branch  once.  Occasionally  two  limbs  proceed 
from  the  neck,  one  proximally  and  one  distally.  The  tubules  are 
dir^  osed  parallel  to  the  long  axis  of  the  vesicle.  They  vary  in 
length  from  100  to  200  microns. 

Blind  tubules  result  from  the  former  type  by  occlusionof  the 
neck  followed  by  constriction  and  eventual  separation  from  the 
lining  epithelium.  They  appear  cystic,  are  lined  with  more 
flattened  epithelium  and  contain  the  same  amorphous  coagulum. 
None  of  these  contain  mesenchyme  as  recorded  by  Meyer. 
Moreover,  the  line  of  demarcation  between  entoderm  and  mesen- 
chyme is  here  always  distinct. 

The  entodermal  cells  lining  the  cavity  of  the  vesicle  vary  from 
the  cubic  to  the  polyhedral  type.  The  former  is  the  prevailing 
type  where  the  wall  is  thinnest.  These  cells  have  a  deeply-staining 
almost  homogeneous  cytoplasm,  and  a  centrally  located  nucleus. 
Distally  and  on  one  surface  the  lining  epithelium  is  of  the  stratified 
polyhedral  type  (fig.  3).  These  cells  contain  a  large  centrally 
placed  nucleus  with  one  or  several  nucleoli  and  a  reticulum  with 
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occasional  net-knots.  The  cytoplasm  is  greatly  vacuolated  and 
contains  irregularly  shaped  flakes  (cell  detritus?)  of  deeper  staining 
substances.  Sometimes  the  nucleus  appears  suspended  by  sev- 
eral strands  in  the  otherwise  almost  empty  cell. 

In  the  tubules  similar  types  of  ceUs  occur:  the  flattened  cells 
in  cystic  tubules  or  those  with  wide  lumina,  and  the  polyhedral 
cells  (always  in  a  single  layer)  in  those  with  narrow  lumina.  In 
a  general  way  the  height  of  the  epithelium  varies  inversely  as  the 
size  of  the  lumen. 

Besides  the  two  types  of  tubules  above  described  there  are 
occasional  solid  cords  of  entodermal  cells.  These  may  be  the 
results  either  of  an  original  solid  invagination  of  entoderm  or  of 
proliferation  in  a  tubular  structure. 

The  mesenchymal  layer  of  the  wall  corresponds  most  closely  to 
embryonic  connective  tissue.  The  predominating  type  of  cell, 
however,  is  spindle-shaped  and  the  whole  structure  is  more  com- 
pact and  fibrillar.  The  amount  of  connective  tissue  in  different 
regions  varies  inversely  as  the  number  of  tubules.  It  contains 
everywhere  blood  vessels  and  capillaries.  Distally  the  mesen- 
chymal layer  of  the  vesicle  contains  the  blood  islands. 

The  mesotheUal  covering  (coelomic  epithelium)  is  considerably 
more  flattened  than  in  the  earlier  vesicle  (of  a  9.2  nmi.  embryo) 
previously  described.  Neither  in  this  nor  in  the  younger  vesicle 
could  cilia  be  demonstrated  on  these  cells  as  described  by  Branca. 

The  main  points  of  difference  between  the  two  vesicles  from 
the  9.2  nmi.  embryo  and  from  the  13  nun.  embryo  respectively 
are  as  follows:  (1)  The  older  vesicle  is  slightly  larger.  (2)  It 
contains  fewer  tubules  (more  of  the  blind  variety  and  solid  cords). 
(3)  It  contains  blood-islands.  (4)  Its  mesothelial  cells  are  more 
flattened.  (5)  Its  entodermal  cells  are  more  irregular  and  show 
signs  of  degeneration,  e.g.j  extreme  vacuolization  of  protoplasm, 
absence  of  the  ''mucinous  masses,''  and,  in  the  cystic  tubules 
and  the  more  flattened  cells  of  the  vesicle,  a  disappearance  of 
cell  borders  coupled  with  a  decrease  in  size  and  staining  capacity 
of  the  nuclei. 

The  above  facts  indicate  that  the  human  umbilical  vesicle 
grows  for  a  short  time  after  the  first  month  and  while  the  entoderm 
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is  undergoing  the  early  phases  of  degeneration.    The  continued 
growth  coincident  with  a  degeneration  of  some  of  its  elements 
(entodermal)  indicates  that  the  vesicle  has  a  double  function 
viz.,  hsematogenous,  and  some  function  of  the  entodermal  cells. 

That  the  umbilical  vesicle  subserves  a  hsematogenous  filnction 
in  some  degree  has  never  been  disputed.  But  this  function  is 
limited  entirely  to  the  mesenchyme.  In  the  two  specimens 
studied  no  evidence  appears  of  an  origin  of  giant  cells  (supposed 
blood  mother-cells — Saxer)  from  the  entoderm  as  held  by  Spee. 
Nor  is  the  transition  from  entoderm  to  mesenchyme  indistinct 
as  described  by  Meyer.  Moreover,  the  hematogenous  function 
is  commonly  regarded  as  more  or  less  incidental  to  a  more  pri- 
mary function  of  the  umbilical  vesicle,  especially  as  concerns  its 
entodermal  elements.  The  blood  vessels  are  viewed  as  the  pur- 
veyors of  some  sort  of  pabulum  elaborated  by  the  entodermal  cells. 

The  several  theories  regarding  the  significance  of  the  umbilical 
vesicle  are:  (1)  that  it  has  a  hepatic  function  (Spee,  Paladino, 
Saxer) ;  (2)  that  it  has  an  absorptive  function  like  the  intestine 
(Branca);  (3)  that  it  is  a  rudimentary  or  vestigial  organ,  '* mor- 
phologically significant,  but  functionally  nil''  (Selenka);  (4) 
that  it  has  primarily  a  haematopoietic  function  (Hubrecht,  Bonnet) . 
A  hepatic  significance  is  urged  on  the  basis  (1)  of  a  structural 
resemblance  between  liver  and  umbilical  vesicle  (Spee  and  Saxer) ; 
(2)  of  the  presence  of  glycogen  (Paladino) ;  (3)  of  the  presence 
in  both  of  giant-cells — (Spee).  This  hypothesis  is  invalidated  by 
the  following  facts:  (1)  The  resemblance  between  liver  and  the  wall 
of  the  umbilical  vesicle  is  only  general,  not  detailed  (Branca). 
(2)  Giant  cells  are  found  at  this  stage,  also  in  the  mesonephros  and 
the  heart.     (3)  Most  embryonic  tissues  contain  glycogen  (Gage). 

A  nutritive  significance  is  urged  by  Branca  on  these  grounds: 
(1)  Supposed  presence  of  small  amount  of  yolk  in  the  human 
'*yolk  sac.''  (2)  Morphologic  similarity  between  the  lining  cells 
of  the  sac  and  those  of  the  small  intestine.  The  details  include 
(a)  terminal  bars,  (b)  ciUated  borders,  (c)  position  of  nucleus, 
and  (d)  cell  contents,  which  he  Ukens  to  ergastoplasm  (prozymo- 
gen)  and  zymogen.  (3)  Common  origin  of  the  intestine  and  yolk 
sac  from  primary  entoderm.    To  these  might  be  added  Bonnet's 
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contention  that  yolk  must  needs  be  present  to  supply  hsBmoglobin 
for  the  first  erythroblasts. 

Branca  regards  the  entodermal  cells  as  agents  for  the  prepara- 
tion and  transference  in  usable  form  of  yolk  contained  in  the  ves- 
icle arid  needed  as  food  by  the  embryo.  This  hypothesis  appears 
untenable  for  the  following  reasons:  (1)  The  presence  of  yolk  is 
not  established.  (2)  Conmion  origin  need  not  imply  identity  of 
function,  e.g.,  cells  of  villi  (absorptive)  and  chief  cells  (secretory) 
of  fundus  glands.  The  umbilical  cells  may  functionally  resemble 
more  closely  the  chief  cells  (3)  Absence  of  ergastoplasmic 
granules  in  cells  of  absorption.  (4)  On  the  basis  of  mere  staining 
reaction  these  masses  of  granules  may  with  equally  good  reason 
be  regarded  as  *' mucinous  masses.^'  (5)  The  presence  of  ciliated 
borders  on  some  of  the  cells  vitiates  a  strict  homology.  (6)  The 
flakes  and  granules  in  the  distal  portions  of  the  cells  are  too  large 
and  irregular  to  be  regarded  as  zymogen  granules.  (7)  The  struc- 
tural peculiarities,  even  as  interpreted  by  Branca,  are  more  like 
those  of  secretory  cells.  (8)  The  hsBmoglobin  may  have  the  same 
source  as  the  lipoid  and  glycogen  content  of  the  cell. 

Branca,  moreover,  urges  in  support  of  a  nutritive  function  that 
the  umbilical  vesicle  cannot  be  considered  as  a  merely  rudimen 
tary  structure  since  a  decrease  in  size  involves  an  atrophy  of  the 
constituent  elements  as  in  the  case  of  the  epiphysis  and  the  noto- 
chord.  But  an  organ  in  becoming  rudimentary  need  not  necessa- 
rily decrease  via  an  atrophy,  but  only  a  decrease  in  number,  of  its 
elements,  e.g.,  vermiform  appendix.  Again,  an  organ  may  become 
rudimentary  in  part  and  still  retain  an  important  collateral  func- 
tion, e.g.,  hypophysis. 

The  human  umbilical  vesicle  would  seem  to  have  lost  its  func- 
tion of  yolk  absorption  and  elaboration,  but  to  have  retained  the 
very  important  coincident  function  of  haematopoiesis.  When  the 
liver  takes  up  the  work  of  blood  cell  formation,  the  umbilical 
vesicle  decreases  in  size  by  reason  of  an  atrophy  of  its  elements  and 
eventually  disappears.  It  is  not  simply  a  vestigial  structure,  but 
appears  to  have  a  necessary  function  in  supplying  the  progeni- 
tors of  the  foetal  blood  cells.  Accordingly  it  must  be  regarded  as 
the  earliest  haematopoietic  organ. 


Digitized  by 


Google 


STUDY   OF   THE   HUMAN   UMBILICAL   VESICLE  347 

Furthennore,  the  complicated  histologic  structure  due  to  the 
presence  of  the  entodermal  tubules  must  be  interpreted  in  the 
light  of  the  phylogenetic  history  of  the  mammals.  In  sauropsidan 
ancestors  with  meroblastic  yolk-laden  eggs,  the  entodermal  cells 
functionated  in  the  elaboration  and  absorption  of  the  yolk.  This 
process  involved  the  initial  secretion  of  a  liquifying  fluid.  Thus 
prepared  in  soluble  form  yolk  was  transferred  to  the  blood  vessels. 
The  entoderm  seems  to  have  retained  its  secretory  function  but 


Fig.  1.  Photograph  of  opened  chorionic  vesicle  of  13  mm.  human  embryo, 
showing  umbilical  vesicle  and  amnion  intact,  X  }.  Made  by  Mr.  Frank  P.  Smart, 
University  of  Virginia. 

there  is  no  yolk  to  liquefy  and  absorb.  The  amorphous  coagulum 
in  the  tubules  and  cavity  is  perhaps  the  representative  of  this 
yolk-dissolving  secretion.  That  a  fluid  is  actually  secreted  by 
the  tubules  is  the  more  probable  when  one  considers  the  varying 
character  of  the  lining  cells.  This  is  best  interpreted  in  terms  of 
pressure  exerted  by  a  liquid  content  of  the  tubules.  The  appar- 
ently gratuitous  extension  of  the  entoderm  seems  due  to  heredi- 
tary factors  consequent  upon  a  sauropsidan  ancestry. 
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On  the  basis  of  very  many  facts  of  comparative  anatomy, 
Hubrecht  argues  cogently  for  the  primitive  character  of  the 
Primates  in  many  respects  (yolk  sac,  allantois,  etc.),  and  against 
a  saiu-opsidan  ancestry  of  the  mammals.  The  structure  of  the  irna- 
bilical  vesicle,  as  regards  more  particularly  its  tubules  and  blood 
islands  accords  better  with  the  assumption  of  a  sauropsidan  de- 
scent. The  evidence  suggests  more  forcibly  a  secondary  modi- 
fication, along  the  lines  of  greater  hematopoietic  significance,  of 
a  formerly  predominantly  nutritive  organ. 

Hubrecht  also  emphasizes  the  haematopoietic  significance  of 
the  yolk  sac  chiefly  on  the  grounds,  (1)  that  the  liver  during 
early  stages  cannot  be  said  to  be  capable  of  supplying  a  sufficient 
number  of  blood  cells  for  assisting  in  metabolic  processes,  and 
(2)  that  due  to  the  presence  of  a  decidua  capsularis  no  nutritive 
material  can  enter  the  extra  embryonic  coelom  to  be  transported 
by  the  blood  vessels  to  the  embryo.  In  the  absence  of  yolk 
the  sole  purpose  of  the  vessels  is  to  produce  (in  the  first  instance) 
and  transport  blood  cells  to  the  embryo.  But  these  facts  are 
urged  in  favor  of  its  primitive  character.  The  peculiar  charac- 
ters of  the  entoderm,  however,  seem  more  intelligible  as  secon- 
dary modifications  of  primitive  sauropsidan  conditions. 

It  remains  to  describe  the  blood  islands.  They  arise  in  the  mes- 
enchyme exactly  as  described  for  a  number  of  birds  and  mammals : 
Portions  of  the  syncytial  mesenchyme  become  transformed  into 
irregular  cords  of  cells,  the  peripheral  cells  of  which  form  the  endo- 
thelial wall,  the  central  cells  blood  corpuscles  (fig.  4).  The  only 
detailed  study  of  blood  islands  in  the  hmnan  lunbilical  vesicle  pre- 
viously made,  as  far  as  I  can  learn,  is  that  of  Schridde.  But  he 
describes  ''Blutraume''  as  the  original  structiu'es.  Only  subse- 
quently do  the  first  blood  cells  arise  from  cells  of  the  vessel-wall. 
The  evidence  from  a  study  of  the  blood  islands  in  my  specimen  is 
unequivocally  opposed  to  this  procedure.  Moreover,  the  details 
of  early  hsematogenesis  are  exactly  similar  to  those  described  by 
Maximow  for  rabbit,  guinea  pig,  cat,  rat  and  dog.  Among  the 
central  cells  of  a  blood  island  are  seen  three  successive  stages  yield- 
ing three  distinct  types  of  cells:  (a)  lymphocyte,  (b)  megalo- 
blast,  and  (c)  normoblast.    All  these  cells  can  be  seen  in  mitosis, 
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the  first  two  types  more  abundantly.  Occasionally  a  cell  of  the 
vessel-wall  is  seen  to  round  up  and  become  free  as  a  lymphocyte, 
as  described  by  Schridde  for  all  the  cells. 

The  first  lymphocytes  have  a  light-staining  granular  cytoplasm 
and  a  kidney-shaped  nucleus  with  nucleoli  and  karyosomes.    The 


Fig.  2.  Photomicrograph  of  a  transverse  section  of  the  umbilical  vesicle  near 
the  mid-region,  showing  the  character  of  the  wall  and  the  content  of  the  vesicle 
X  30.  Reduced  i  in  reproduction.  Made  by  Dr.  Leopold  Jaches,  Cornell  Uni- 
versity Medical  College,  New  York  City. 

later  stages  and  generations  of  these  have  large,  round  and  more 
strongly  basophile  nuclei,  also  with  nucleoli  and  karyosomes  and 
a  narrow  shell  of  basophile  cytoplasm.  These  cells  are  actively 
amoeboid  as  seen  by  their  pseudopodia.  They  are  the  progeni- 
tors of  both  other  cells  like  themselves  (lymphocytes)  and  red 
blood  cells. 

1HB  ANATOMICAL  RBCORD,  VOL.  4,    NO.  9. 
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Fig.  3.  Photomicrograph  of  region  (A)  of  fig.  2,  more  highly  magnified,  showing 
a  branching  tubule,  and  a  small  blood  island  (in  the  angle  between  the  blood 
vessels  in  the  upper  part  of  the  illustration)  X  240.    Made  by  Dr.  Leopold  Jaches. 
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Fio.  4.  Photomicrograph  of  large  blood  island.  The  upper  row  of  cells  shows 
several  types  of  lymphocytes.  The  majority  of  the  remaining  cells  are  normo- 
blasts. The  large  lighter  staining  cell  to  the  left  of  the  center  of  the  island  is  a 
megaloblast,  X  350.    Made  by  Mr.  Frank  P.  Smart. 
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The  megaloblasts  contain  smaller,  lighter-staining,  spheric  nu- 
clei, and  have  a  great  amount  of  light-staining  granular  cyto- 
plasm. The  earlier  generations  of  these  are  the  largest  ceUs 
seen  (2  to  3  times  the  size  of  post-foetal  erythrocytes). 

The  normoblasts  are  smaller  both  as  respects  the  nucleus  and 
the  cells.  The  nucleus  is  more  chromatic  than  that  of  the  megalo- 
blast.  It  also  contains  nucleoli  and  a  reticulimi  with  net-knots. 
The  cytoplasm  is  homogeneous,  probably  due  to  the  presence  of 
haemoglobin,  and  stains  more  deeply  than  that  of  the  megalo- 
blasts. These  cells  are  mostly  polyhedral  in  shape  due  to  the 
crowding  produced  in  consequence  of  rapid  proliferation  of  megalo- 
blasts. Cavities  begin  to  appear  between  the  cells,  and  the  latter 
subsequently  float  free  in  the  lumen. 

The  erythroblasts  have  a  smaller,  homogeneous,  pale-staining 
nucleus;  and  a  paler  homogeneous  cytoplasm  and  frequently  an 
oval  shape,  recalling  the  red  blood  cells  of  amphibia. 

When  attention  is  now  turned  to  the  liver  of  this  specimen, 
one  sees  here  cells  in  every  respect  similar  to  those  described  in 
the  mnbilical  vesicle.  Lymphocjrtes,  megaloblasts,  normoblasts 
and  erythroblasts  appear,  identical  in  form  and  size.  The  rela- 
tive niunber  only  varies.  The  lymphocytes  and  megaloblasts 
are  rarer.  The  erythroblasts  are  more  abundant.  The  normo- 
blasts greatly  preponderate.  The  latter  are  actively  proliferating. 
Only  rarely  is  a  blood  cell  seen  arising  from  the  endothelial  wall 
of  the  hepatic  capillaries.  Since  no  extravascular  masses  of  pro- 
liferating blood  cells,  as  described  by  Schridde  for  a  13  nmi.  em- 
bryo, appear  in  this  specimen,  and  only  very  rarely  an  extravas- 
cular lymphocyte,  the  presumption  is  strong  that  the  blood  cells 
of  the  liver  and  heart  have  been  carried  there  by  the  current  from 
the  umbilical  vesicle.  Here  they  find  favorable  harbors  for  con- 
tinued proliferation.  There  appears  no  evidence  to  furnish  ground 
for  dividing  haematopoietic  phenomena  in  the  first  weeks  of  hiunan 
development  into  the  two  stages  described  by  Schridde. 

Concerning  the  method  of  enucleation  of  erythroblasts  in  the 
formation  of  erythrocytes  whether  by  intracellular  absorption 
(Schridde)  or  by  extrusion  (Howell  and  Maximow)  nothing  can 
be  decided  here.    Obviously  also  no  observations  can  be  made 
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regarding  the  origin  of  leucocytes  and  small  lymphocytes  since 
these  do  not  yet  appear.  The  evidence,  however,  as  far  as  it  goes 
agrees  with  Maximow's  findings  for  the  early  stages  in  the  guinea 
pig,  etc.,  and  to  this  extent  accords  with  the  monophyletic  theory 
of  blood  cell  formation. 
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STANDARD  MAONIPICATIONS. 

It  is  desirable  that  a  uniform  system  of  magnifications  should  be 
followed  in  making  illustrations  for  publication. 

This  system  has  been  adopted:  i,  2^,  5, 10,  15,  «>,  26,  SO,  35,  40,  45, 
60,  60,  70,  76,  80,  90,  100,  125,  150,  175,  200,  250,  300,  350,  400,  450, 
500,  600,  700,  800,  900,  1000,  1250,  1500,  2000. 

Authors  are  requested  to  make  their  drawings  of  such  sise  that  when 
reduced  for  publication  the  magnifieation  will  correspond  exactly  with 
one  of  the  numbers  of  this  system. 

The  relative  size  of  every  published  figure  should  be  given  thus: 

State  whether  it  is  (I)  of  the  same  size  as  the  object;  (2)  magnified, 
as  indicated  above;  or  (3)  smaller  than  the  object,  as  i,  i,  ^\,  etc.  natural 
size. 

DRAWINGS  AND  THEIR  REDUCTIONS 

1.  If  there  is  to  be  no  change  in  size  by  the  engraving  process,  the 
drawing  must  be  of  the  same  size  as  the  finished  engraving. 

2.  If  the  drawing  is  to  be  reduced  |,  then  it  must  be  twice  the  size 
of  the  engraving,  (i.e.,  every  line  in  the  drawing  must  be  twice  the  length 
it  will  appear  in  the  engraving — ^twice  the  diameter). 

3.  If  the  drawing  is  to  be  reduced  i,  it  must  be  made  IJ  times  the 
size  of  the  engraving. 

4.  If  the  drawing  is  to  be  reduced  |,  it  must  be  made  1\  times  the 
size  of  the  engraving. 

Examples.  Suppose  the  illustration  (as  it  will  appear  in  one  of  the 
journals)  is  to  be  at  a  magnification  of  40.  The  size  of  the  drawing  for 
each  of  the  above  would  then  be  as  follows: 

(1)  Full  size,  or  no  reduction — each  line  of  the  drawing  must  be  40 

times  the  length  of  the  corresponding  line  in  the  object. 

(2)  For  J  reduction — each  line  must  be  80  times  the  length  of  the 

corresponding  line  of  the  object. 

(3)  For  I  reduction — each  line  must  be  60  times  the  length  of  the 

corresponding  line  of  the  object. 

(4)  For  ^  reduction — each  line  must  be  50  times  the  length  of  the 

corresponding  line  of  the  object. 

HOW  TO  MARK  A  DRAWING  TO  BE  REPRODUCED. 

(1)     Full  size  (i.e.,  no  reduction),  (2)  i  oflf ;  (3)  |  oflf ;  (4)  \  oflf ;  (5)  i  oflF. 
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A  LIST  OF  NORMAL  HUMAN  EMBRYOS  WHICH  HAVE 
BEEN  CUT  INTO  SERIAL  SECTIONS 

FRA.NKLIN  P.  MALL* 
From  the  Anatomical  Laboratory ^  Johns  Hopkins  University 

At  the  Baltimore  meeting  of  the  Anatomists  a  nimiber  of 
embryologists  requested  The  Wistar  Institute  to  prepare  a  cata- 
logue of  hiunan  embryos  found  in  various  laboratories,  museums 
and  private  collections  in  the  United  States,  which  have  been 
sectioned  and  mounted  for  study.  Accordingly  a  blank  was 
prepared  which  was  widely  distributed,  but  replies  were  obtained 
from  only  those  laboratories  which  possessed  a  number  of  series 
of  sections.  These  blanks,  which  were  not  uniformly  filled  out, 
were  given  to  me  by  Dr.  Greenman,  with  the  request  that  they 
be  blended  into  a  single  list  for  the  use  of  those  interested  in 
hxunan  embryology.  Before  publishing  it.  Dr.  Huber  kindly 
inserted  a  note  in  The  Anatomical  Recokd  asking  for  further 
data,  especially  concerning  specimens  which  had  not  yet  been 
reported  upon.  The  replies  thus  received,  together  with  those 
secured  by  Dr.  Greenman,  make  this  list  as  complete  as  we  can 
hope  to  make  it  at  the  present  time. 

There  are  about  300  specimens  listed  in  this  catalogue,  and  of 
these  about  one-half  are  well  preserved.  When  it  is  considered 
that  the  series  of  hiunan  embryos  in  the  embryological  collection 
of  the  Anatomical  Laboratory  of  Johns  Hopkins  University  are 
selected  from  about  1000  abortions,  it  may  safely  be  stated  that 
but  5  per  cent  of  them  yield  good  serial  sections  of  normal  em- 
bryos. This  list  then  is  a  selected  one  from  about  3000  abortions, 
— ova,  embryos  and  young  foetuses. 
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As  the  embryos  in  a  collection  are  usually  referred  to  by  the 
name  of  the  collector,  this  designation  has  been  retained  in  this 
list.  By  consulting  therefore  the  list  of  the  names  of  anatomists  as 
given  in  this  volxmie  of  The  Anatomical  Record  it  will  be  easy 
to  learn  where  an  embryo  of  a  given  length  may  be  found. 

The  specimens  are  arranged  according  to  their  length.  The 
medimn  in  which  they  were  measured  is  also  given.  The  niunber 
of  slides  in  the  series  is  of  value  when  requests  for  loans  are  made. 
The  "remarks''  are  self  explanatory.  Only  the  chief  stain  is 
given  in  each  case.  Most  of  the  embryos  are  counterstained; 
in  Minot's  collection  often  with  Lyons  blue,  in  Jackson's  with 
Congo  red,  in  Gage's  with  eosin;  and  in  Ruber's  and  mine,  some 
with  eosin  and  some  with  congo  red. 

The  specimens  are  arranged  first,  according  to  their  crown- 
rump  length,  then  according  to  the  direction  of  the  sections, 
and  finally  according  to  the  quality  of  the  series.  Only  those 
marked  ''excellent"  or  ''good"  are  of  great  value  for  study, 
but  in  special  cases  "fair"  and  "poor"  series  no  doubt  will  be  of 
value. 

At  a  future  date  it  may  be  desirable  to  rearrange  the  specimens 
with  profile  outlines  of  each  stage,  and  this  would  be  a  great 
step  in  advance,  for  undoubtedly  embryos  several  millimeters 
apart  in  this  list  may  be  of  the  same  stage  of  development.  Sooner 
or  later  we  must  designate  embryos  by  their  stage  of  development, 
not  by  their  crown-rump  length, — certainly  not  by  their  age, 
which  is  the  worst  method  of  all  and  has  brought  about  much 
confusion  in  embryology. 

The  use  of  a  list  as  here  given  is  amply  justified  when  we  con- 
sider the  nature  of  the  subject  before  us.  Only  by  cooperation  can 
we  hope  to  advance  the  science  of  human  embryology, — a  subject 
which  is  of  first  importance  to  anatomists.  Witness  the  value  of 
cooperation  in  His's  "Anatomie  menschlisher  Embryonen"  and 
in  Keibel  and  Elze's  "Normentafel  zur  Entwicklungsgeschichte 
des  Menschen."  His  secured  embryos  through  the  aid  of  various 
physicians  and  scientists,  but  it  took  a  lifetime  for  him  to  make  a 
fairly  satisfactory  collection  of  his  own,  as  his  various  publications 
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will  show.  Keibel  and  Elze  borrowed  embryos  from  different 
Em'opean  collections  and  thereby  were  placed  at  an  advantage. 
These  two  works  are  monumental. 

A  selected  collection  of  pictures  of  human  embroys  which  in- 
cludes several  of  this  list  is  given  in  Kollmann's  ''Handatlas  der 
Entwicklungsgeschichte  des  Menschen.''  At  present  there  is  in 
preparation  a  larger  work  on  Human  Embryology,  in  two  volumes, 
which  will  be  published  shortly  both  in  Leipzig  and  Philadelphia. 
About  half  of  this  treatise  is  being  prepared  by  Americans  and 
is  based  largely  upon  the  collections  represented  in  this  list.  This 
cooperative  undertaking  is  not  supported  by  any  research  grant, 
but  those  who  have  endowed  this  work  with  their  energies  know 
only  too  well  that  their  powers  would  have  been  greatly  augmented 
had  such  support  been  given.  It  may  here  be  emphasized  that 
efforts  to  promote  the  science  of  human  embryology  have  not 
received  financial  ^pport  excepting  the  work  of  Keibel  and  Elze, 
for  which  they  received  grants  from  the  Grand  Duchy  of  Baden 
and  from  the  Royal  Prusgian  Academy  of  Sciences. 

The  difficulty  of  obtaining  good  material,  the  care  and  time 
consumed  m  the  preparation  of  good  series  and  in  the  study  of 
the  same  (involving  often  the  necessity  of  making  time-consuming 
reconstructions)  makes  progress  in  the  study  of  human  embryology 
very  slow.  During  the  past  35  years  His  repeatedly  called  atten- 
tion to  the  need  of  financial  endowment  for,  and  cooperation 
in  the  study  of  human  embryology.  At  the  first  meeting  of  the 
International  Association  of  Academies,  held  in  Paris  in  1901,  His 
proposed  that  con^nissions  be  appointed  for  the  promotion  of 
the  study  of  human  embryology  and  neurology.  At  that  meeting 
we  saw  the  birth  of  the  Brain  Commission,  which  is  working 
effectively  for  the  study  of  the  brain.  A  series  of  Interacademic 
Institutes  has  been  established,  including  our  Wistar  Institute. 
At  that  time  the  International  Association  of  Academies  recom- 
mended that  the  study  of  human  embryology  should  be  supported 
by  various  anatomical  societies.  No  steps  in  this  direction 
were,  however,  taken  by  the  First  International  Anatomical  Con- 
gress, which  convened  four  years  later  at  Geneva.    Possibly  the* 
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Second  Congress,  which  meets  this  smnmer  in  Brussels,  may  be 
induced  to  consider  the  matter. 

These  statements  indicate  that  anatomists  as  individuals  are 
cooperating,  but  their  work  will  progress  slowly  unless  institutes 
be  established  to  carry  it  on  with  greater  vigor.  The  problem 
is  a  clear  one.  It  is  full  of  promise.  Human  embryology  is  as 
important  and  merits  as  careful  investigation  as  does  the  field  of 
neurology.  Until  the  human  embryo  has  been  thoroughly  investi- 
gated human  anatomy  will  not  rest  upon  a  sound  basis. 
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A  CAST  OF  THE  VENTRICLES  OF  THE  HUMAN  BRAIN 

RICHARD  W.  HARVEY 
From  the  Hearst  Anatomical  Laboratory  of  the  University  of  California 

TWO   FIGURES 

It  is  the  purpose  of  this  paper  to  describe  a  method  employed 
in  making  a  Wood's  metal  cast  of  the  ventricles  of  the  human 
brain  for  the  use  of  this  laboratory,  and  to  record  some  results 
of  a  comparison  of  casts  made  from  several  different  brains. 

The  casts  consist  of  the  lateral  ventricles  joined  by  the  foramina 
of  Monro  to  the  third  ventricle,  which  is  connected  with  the 
fourth  ventricle  by  the  aqueduct  of  Sylvius. 

A  profile  view  of  the  cast,  fig.  1,  shows  several  impressions  and 
recesses.  On  the  floor  of  the  anterior  horn  and  body  of  the  lateral 
ventricle  may  be  seen  the  impression  of  the  caudate  nucleus,  the 
groove  for  the  vein  of  the  corpus  striatum  and  the  tenia  semi- 
circularis,  and  the  impression  of  the  optic  thalamus.  On  the 
outer  side  of  the  body  of  the  lateral  ventricle,  and  extending  along 
the  anterior  edge  of  the  outer  surface  of  the  trigone,  is  a  series  of 
shallow  depressions  formed  by  the  radiations  of  the  transverse 
fibres  of  the  corpus  callosum,  and  by  the  tapetum.  On  the  roof 
of  the  inferior  horn  may  be  seen,  at  its  extremity,  the  depression 
made  by  the  amygdaloid  tubercle.  The  third  ventricle  shows 
anteriorly  a  notch  for  the  anterior  commissiu*e,  inferiorly  the 
optic  recess  alid  the  infundibular  recess,  and  posteriorly  a  notch 
for  the  posterior  conamissure  and  the  suprapineal  and  pineal 
recesses.  Seen  from  above,  fig.  2,  the  cast  shows  the  cross  stria- 
tions  on  the  roofs  of  the  bodies  of  the  lateral  ventricles. 
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Fig.  1.  Profile  view  of  a  cast  of  the  ventricles  of  the  brain.  Drawn  from  a 
photograph  corrected  to  conform  with  the  average.  R.  Sp.,  Suprapineal  recess; 
R. P.,  Pineal  recess;  A.  S.,  Aqueduct  of  Sylvius;  I.  C,  Intermediate  commissure; 
F.  M.,  Foramen  of  Monro;  O.  R.,  optic  recess;  I.R.,  Infundibular  recess;  T.  S., 
Tenia  semicircularis;  O.  T.,  Optic  thalamus. 
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Fig.  2.  View  from  above  of  a  cast  of  the  ventricles  of  the  brain.  R.  Sp.,  Supra- 
pineal recess;  A.  S.,  Aqueduct  of  Sylvius;  C.F.,  Columns  of  fornix;  L.R.,  Lateral 
recess. 
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The  method  of  making  the  cast  was  the  following:  A  brain 
of  average  size,  hardened  in  formalin,  was  chosen,  and  placed  in 
a  basin  of  warm  water,  where  it  was  allowed  to  remain  for  several 
minutes  or  until  it  had  become  warmed  throughout.  This  pro- 
cedure was  adopted  to  prevent  the  premature  hardening  of  the 
molten  metal  before  it  had  penetrated  the  recesses  and  smaller 
cavities  of  the  ventricles.  Then  the  brain  was  removed  to  a 
cutting  board  and  cut  with  a  brain  knife  into  four  slices  by  coronal 
sections  through  the  tips  of  the  anterior  horns,  the  middle  of  the 
bodies  of  the  lateral  ventricles  and  the  middle  of  the  third  ven- 
tricle, and  the  middle  of  the  trigones  and  anterior  end  of  the  fourth 
ventricle.  Parts  of  the  occipital  and  temporal  lobes  were  cut 
away  to  expose  the  tips  of  the  posterior  and  inferior  horns.  The 
slices  were  then  carefully  laid  on  the  board,  and  with  a  pair  of 
fine-tipped  forceps  the  chorioid  plexuses  were  removed  from  the 
cavities  of  the  ventricles,  and  the  walls  of  each  cavity  were  thor- 
oughly dried  with  absorbent  cotton.  Then  the  slices  were  super- 
imposed in  their  proper  order  with  the  brain  resting  on  the  occipital 
poles.  The  molten  Wood's  metal  was  poured  slowly  from  a  ladle 
into  the  anterior  tips  of  the  cavities.  When  the  brain-tissue 
had  been  carefully  cut  away  from  the  cast,  irregularities  in  the 
metal  were  smoothed  off  with  a  hot  iron. 

By  this  method  six  casts  from  different  brains  were  made;  and 
from  five  of  these  measurements  were  taken  with  calipers,  the 
results  and  averages  being  recorded  in  the  accompanying  table. 
The  dimensions  of  each  part  of  the  cast  are  in  every  case  the 
greatest.  The  casts  differ  widely  among  themselves  in  size 
and  shape;  and  the  two  sides  of  the  same  cast  show  wide  varia- 
tions. It  will  be  noticed  that  the  average  dimensions  of  the  ante- 
rior horn  and  body  of  the  left  lateral  ventricle  exceed  those  of 
the  right  side.  The  dimensions  of  the  posterior  horns  were  meas- 
ured close  to  the  trigones,  where  they  are  greatest;  and  at  this 
point  they  are  greater  for  the  right  side  than  for  the  left.  But 
four  out  of  the  five  casts  show  the  left  posterior  horn  to  be  more 
extensive  than  the  right,  which  is  in  accordance  with  previous 
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TABLE  1 

Recording  Measurements  in  Millimeters  of  the  Ventricles  of  the  Brain. 

Wf  width;  L,  length 


D,  depth; 


AVEBAGE 

L 

R    1    L 

R       L 

1 
R 
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R 

L 
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L              R 
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'd 
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lo.o!' 
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5.5 

6.0 

8.1     7.2 
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15  5 

15.022.0 

17.527.0 

17.5 
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17.  o' 
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20.3  17.2 

Body 

'  D 

7... 

6.5  8.5 
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5.5 

3.0 

3.5 

4.5 

7.6    7.1 

W 

140 

12.022.0 

20.024.0 
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17.0 
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18. (^ 

19.2  18.5 
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\^ 
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8.0111.0 
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10.0 

7.0 
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12.5 
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'  w 
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5.5   6.5 

11.5j|l4.0 
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4.5 

7.0 
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•  Not  averaged. 
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observations.^  In  two  or  three  of  the  brains,  the  cavities  of  the 
right  posterior  horns  were  so  extremely  narrow  as  to  prevent  the 
entrance  of  the  metal  in  casting;  and  the  casts,  therefore,  show 
a  blunt  posterior  horn  on  the  right  side,  which  was  the  only 
porti(»n  available  for  measurement.  Measurements  of  the 
inferior  horns  show  that  in  two  cases  the  right  side  exceeds  the 
left,  and  in  two  cases  the  left  side  exceeds  the  right.  The  fifth 
cast  was  imperfect,  and  the  measurements  obtained  from  it 
are  not  averaged. 


1  Teetull  Traite:  d' anatomic  humaine,  vol.  ii,  p.  70C. 
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THE    CARDIAC    GLANDS   OF   THE     MAMMALIAN 

STOMACH 

R.  R.  BENSLEY 

From  the  Hull  Laboratory  of  Anatomy ^  University  of  Chicago 

In  a  paper  published  in  1902  I  recorded  the  results  of  a  study  of 
the  so-called  cardiac  glands  in  ten  different  mammals,  including 
representatives  of  the  marsupials,  rodents,  ungulates,  insecti- 
vores  and  primates.  The  conclusions  reached  in  this  article  were 
as  follows : 

1.  The  cardiac  glands  are  mucous  glands.  This  conclusion 
is  based  on  the  fact  that  in  every  case  examined  I  succeeded  in 
staining  the  secretory  contents  of  the  cells  of  these  glands  with 
muchaematein  and  mucicarmine.  Furthermore,  the  gradual 
transition  in  type  of  the  cells  between  the  foveolae  and  the  bottoms 
of  the  glands  indicates  a  close  relation  between  the  cells  of  the 
surface  epithelium  and  those  of  the  glands  which  would  lead  one  to 
suspect  the  mucous  properties  of  the  latter  even  if  the  confirm- 
atory stains  could  not  be  obtained. 

2.  The  cells  of  the  cardiac  glands  are  fundamentally  different 
from  the  chief  cells  of  the  body  of  the  fundus  gland. 

3.  The  cardiac  gland  cells  are  closely  related  to  the  mucous 
chief  cell  of  the  neck  of  the  fundus  gland,  and  to  the  pyloric 
gland  cell.  This  conclusion  is  based  on  the  fact  that  all  three 
possess  a  secretory  content  which  stains  strongly  in  mucicarmine 
and  muchaematein,  and  that  each  of  the  three  types  is  connected 
with  the  surface  epithelium  by  transitional  cells  without  an  abrupt 
change  at  any  point,  and  that  each  type  passes  imperceptibly 
into  the  other  at  the  margins  of  contact  between  successive  zones. 

4.  The  cardiac  glands  are  decadent  or  retrogressive  structures 
derived  from  fundus  glands  by  the  disappearance  of  the  most 
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highly  differentiated  elements  of  the  latter,  namely,  of  the  chief 
cells  of  the  body  and  the  parietal  cells. 

In  the  same  paper  also  the  facts  of  structure  and  distribution  are 
reviewed  and  interpreted  in  favor  of  the  hypothesis  first  sug- 
gested by  Oppel  (1898)  that  the  cardiac  glands  represent  stages 
in  an  advancing  process  which  ultimately  results  in  the  complete 
suppression  of  areas  of  gastric  glands  and  their  replacement 
by  a  mucous  membrane  of  the  oesophageal  type  with  a  stratified 
epithelium. 

In  two  recent  articles  dealing  with  the  cardiac  glands  Haane 
(1905,  1  and  2)  has  arrived  at  conclusions  which  are  the  exact 
opposite  of  mine,  and  which  may  be  simcuned  up  by  saying  that 
he  regards  these  structures  as  non-muciparous  glands  differing 
from  both  the  fundus  glands  and  pyloric  glands,  and  having  a 
specific  function,  namely,  the  secretion  of  an  amylolytic  enzyme. 
Haane's  first  paper  was  written  without  knowledge  of  my  observa- 
tions, and  in  the  second  paper  he  calls  attention  to  the  conflicting 
results  obtained  by  me  and  reaflSrms  his  confidence  in  his  own 
conclusions. 

The  characters  upon  which  Haane  lays  greatest  stress  in  defin- 
ing the  cardiac  glands  are  derived  chiefly  from  his  study  of  these 
structures  in  the  pig,  in  which,  as  is  well  known,  they  occupy  a 
much  larger  area  of  the  mucous  membrane  than  in  any  other  of  the 
domestic  mammals.  These  characters  are  as  follows:  The  car- 
diac glands  are  tortuous,  tubular  or  tubulo-alveolar  glands,  which 
lie  without  special  grouping  in  the  propria  mucosae,  and  whose 
cells  stain  with  eosin  and  other  acid  dyes;  they  do  not  react  to 
mucus  stains.  From  the  pyloric  glands,  with  which  they  could 
be  most  easily  confused,  they  are  clearly  different.  The  latter 
form  groups  in  the  gastric  mucous  membrane,  exhibit  the  mucus 
reaction,  and  have  a  different  form  and  course. 

Applying  these  criteria  to  the  glands  found  in  the  usual  location 
of  the  cardiac  glands  he  is  led  to  rather  surprising  results.  The 
glands  which  are  found  in  the  horse  along  the  fold  which  sepa- 
rates the  glandular  and  non-glandular  portions  of  the  stomach, 
which  were  previously  interpreted  by  Ellenberger  and  Edelmann 
as  cardiac  glands,  Haane  says  are  not  cardiac  glands  but  pyloric 
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glands,  because  they  stain  with  mucus  dyes  and  agree  in  their 
properties  with  pyloric  glands.  In  the  ruminants  he  found  that 
the  glands  occupying  the  strip  where  the  psalterium  joins  the 
glandular  stomach  were  different  in  the  three  species  examined, 
resembling  pyloric  glands  in  the  ox  and  cardiac  glands  in  the  sheep 
and  goat.  In  the  ox  these  glands  stained  with  mucicarmine  and 
were  only  slightly  stained  by  eosin,  while  in  the  sheep  and  goat 
the  converse  was  true. 

Finally,  Haane  made  extracts  of  the  mucous  membrane  of  the 
cardiac  region  of  the  pig  and  tested  them  for  various  emzymes, 
obtaining  negative  results  with  respect  to  pepsin,  rennin,  lipase, 
lactase  and  invertase,  but  strongly  positive  results  for  amylolyiic 
enzyme.  He  adds,  however,  that  extracts  of  the  fundus  and  py- 
loric mucous  membrane  and  of  the  glandular  membrane  of  the 
oesophagus  gave  equally  strong  evidence  of  the  presence  of  amyl- 
olytic  ferment.  That  of  the  fundus  mucous  membrane  was  even 
stronger  in  this  respect  than  the  extract  of  the  cardiac  region. 

More  recently  the  cardiac  glands  have  been  studied  by  two 
other  workers  in  EUenberger's  laboratory,  namely,  by  Frohlich 
(1907)  and  Monnig  (1909).  Frolich  confirmed  the  existence  of 
cardiac  glands  in  all  domestic  mammals,  but  noted  that  there 
were  great  differences  in  structural  detail  in  different  species,  as 
well  as  in  the  chemical  properties  of  the  constituent  cells.  His 
conclusions  as  to  the  phylogeny  of  the  cardiac  glands  are  in  accord 
with  those  previously  reached  by  Oppel  and  myself,  inasmuch 
as  he  regards  the  cardiac  glands  as  phylogenetic  simplifications  of 
the  fundus  glands.  Notwithstanding  the  fact  that  he  was  un- 
able to  stain  the  cardiac  glands  of  the  pig  with  mucus  stains,  he 
yet  came  to  the  conclusion  that  they  were  probably  muciparous, 
assuming  that  the  secretion  was  not  sufficiently  elaborated  in 
the  cell  to  give  the  mucin-reaction  with  dyes.  As  confirmatory 
evidence,  he  brought  out  the  fact  that  the  contents  of  the  cells 
of  the  cardiac  glands  of  the  pig,  unlike  the  serous  cells,  became 
turbid  when  treated  with  acetic  acid,  although  less  so  than  the 
cells  of  the  surface  epithelium  and  of  the  pyloric  glands.  He 
also  studied  the  transition  between  the  cardiac  gland  zone  and 
the  pyloric  gland  zone  on  the  one  hand  and  that  between  the  fun- 
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dus  and  cardia  on  the  other  hand,  and  established  the  fact,  to 
which  I  have  elsewhere  referred,  of  the  existence  of  glands  inter- 
mediate in  type  between  those  of  the  adjacent  zones  in  question. 

Monnig  (1909)  studied  the  cardiac  glands  of  the  pig  only, 
coming  to  conclusions  which  are  in  general  accord  with  those  of 
Haane,  inasmuch  as  his  experiments  with  various  methods  of 
staining  mucin  gave  uniformly  negative  results  in  the  cardiac 
glands  of  the  pig.  Furthermore,  by  means  of  the  Altmann 
method  for  the  demonstration  of  cell  granulations,  he  succeeded 
in  demonstrating  in  the  cells  of  the  cardiac  glands  of  the  pig, 
granules  which,  in  their  refractive  power  and  their  tinctorial  re- 
actions, resembled  the  granules  of  the  parotid  gland,  and  which, 
he  assumed,  therefore,  to  be  zymogen  granules. 

It  will  be  observed  from  the  foregoing  r6sum6  of  the  literature 
on  this  topic,  that  there  are  two  views  concerning  the  nature  of 
the  cardiac  glands  which  are  directly  opposed  to  one  another. 
According  to  Oppel  (1898)  and  Bensley,  they  are  decadent  or 
regressive  structures,  derived  from  fundus  glands,  and  constitu- 
ting a  stage  in  an  advancing  process  which  will  result  ultimately 
in  the  complete  suppression  of  the  glands  in  the  area  which  they 
occupy.  According  to  this  view  they  would  be  physiologically 
of  little  importance,  although  Bensley  regards  them  as  mucipar- 
ous. On  the  other  hand,  Haane  and  Monnig  regard  them  as 
progressive  elements  which  have  arisen  in  mammals  as  a  response 
to  a  new  functional  demand.  According  to  this  view  they  are 
important  secretory  elements  yielding  a  digestive  enzyme. 

Before  proceeding  to  a  discussion  of  these  opposed  views,  it 
may  be  well  to  point  out  that  there  are  no  cardinal  points  of 
difference  between  the  several  authors  cited,  as  regards  the  struc- 
tiu-e  and  distribution  of  the  cardiac  glands  in  the  different  mam- 
mals, if  we  except  the  interpretation  of  the  cardiac  glands  of  the 
horse  and  ox  as  pyloric  glands  by  Haane.  The  differences  of 
opinion  have  to  do  rather  with  questions  concerning  the  staining 
properties  of  the  secretion  of  the  cells,  and  with  the  interpretation 
of  the  results  with  reference  to  the  origin  and  function  of  the 
glands. 
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In  view  of  the  fact  that  both  Haane  and  Monnig  obtained  uni- 
formly negative  results  in  the  cardiac  glands  of  the  pig,  where  I 
had  previously  reported  positive  results  with  mucus  stains,  it 
seemed  important  to  re-investigate  these  structures  and  to  deter- 
mine with  greater  precision  the  conditions  under  which  these 
positive  results  could  be  obtained.  Accordingly,  I  have  studied 
the  reactions  which  the  secretion  in  these  cells  give  with  several 
mucus  stains  after  fixation  in  a  number  of  different  fluids. 

The  fixing  solutions  are  as  follows: 

(1)  Alcohol. 

(2)  Saturated  solution  of  mercuric  chloride  in  alcohol ;  2.5  per  cent  solution  of 
potassium  bichromate  in  water.    Mix  equal  volumes. 

(3)  Zenker's  fluid. 

(4)  Formaline,  1  part;    Zenker's  solution  without  acetic  aeid.  9  parts. 

(5)  2  per  cent  osmic  acid,  4  cc. ;  2.5  per  cent  pot.  bichromate,  16  cc. ;  Glacial 
acetic  acid,  2  drops. 

(6)  Altmann's  osmic  bichromate  solution. 

(7)  Saturated  solution  of  mercuric  chloride  in  water. 

The  following  staining  solutions  were  employed: 

(1)  Strong  muchaematein: 

Aluminum  chloride g.  0 . 5 

Haematein g.   1.0 

70  per  cent  alcohol cc.  100 

(2)  Mayer's  muchaematein. 

(3)  Mayer's  mucicarmine  (stock  solution). 

(4)  Weak  mucicarmine-solution  no.  3,  diluted  with  ten  times  its  volume  of 
tap  water. 

(5)  Toluidene  blue. 

The  muchaematein  solutions  were  ripened  for  one  week  before 
using,  and  then  brought  to  the  optimum  reaction  for  staining 
mucus,  by  the  careful  addition  of  nitric  acid,  in  the  manner  recom- 
mended by  Mayer  (1897). 

The  time  of  staining  did  not  exceed  five  minutes,  except  where 
the  result  was  negative,  in  which  case  the  staining  was  prolonged 
for  several  hours  to  confirm  the  negative  results.  After  the  stain- 
ing was  completed,  except  in  the  case  of  the  toluidene  blue,  the 
sections  were  washed  in  70  per  cent  alcohol  (washing  in  water 
spoils  the  result),  dehydrated  in  absolute  alcohol,  cleared  in  ben- 
zole, and  mounted  in  balsam.    The  toluidene  blue  sections  were 
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examined  in  water  to  determine  the  distribution  of  metachromatic 
staining. 

For  purposes  of  comparison,  sections  of  the  fundus  and  of  the 
pylorus  were  stained  side  by  side  with  those  of  the  cardiac  region. 
The  results  of  these  experiments  are  recorded  in  table  1.  On 
account  of  the  fact  that  the  mucous  cells  of  the  neck  of  the  fimdus 
gland  stained  differently  in  some  cases  from  those  of  the  body  of 
the  gland,  the  results,  as  far  as  these  two  groups  are  concerned,  are 
recorded  separately.  In  the  table,  a  positive  sign  indicates  that 
all  the  cells  of  the  gland  gave  a  positive  reaction;  a  negative  sign 
that  all  were  negative;  both  positive  and  negative  signs  that  some 
cells  reacted  positively,  some  negatively  in  the  same  preparation. 
As  some  differences  were  noted  between  the  glands  from  different 
animals,  according  to  the  functional  state  of  the  cells,  two  addi- 
tional series  of  observations  of  the  cardiac  glands  are  added.  A 
positive  sign  after  toluidin  blue  indicates  metachromatic  stain- 
ing of  the  secretion  of  the  cells  in  question. 

Before  proceeding  to  a  consideration  of  these  results  it  is  well 
that  we  recognize  the  limitations  of  the  so-called  mucin  stains  as 
a  means  of  determining  whether  a  cell  does  or  does  not  secrete 
mucin.  Ihese  were  well  known  to  Paul  Mayer,  to  whom,  more 
than  to  any  other,  we  owe  the  progress  that  has  been  made  in  this 
branch  of  technique.  In  his  article  entitled  ''Ueber  Schleim- 
farbung''  (1897),  he  makes  the  following  statement:  *'Oben  habe 
ich  bereits  angedeutet,  dass  die  Schleime  sich  gegen  einen  und  den- 
selben  Farbstoff  sehr  verschieden  verhalten,  indem  ich  bei  Be- 
sprechung  der  Losungen  von  Hematoxylin  oder  Hamatein  sagte : 
in  der  Regel  farbt  sich  der  Schleim  oder  in  der  Regel  farbt  er  sich 
nicht.  .  .  .  Man  konnte  da  eine  formliche  Reihe  aufstellen,  die 
mit  solchem  Schleime  zu  beginnen  hatte,  dessen  Farbung  kaum  zu 
verhindern  ist,  und  mit  solchem  enden  wiirde  der  sich  kaiun  noch 
farben  lasst.^'  SucTi  a  series  can  be  constructed  even  within 
the  limits  of  a  group  of  homologous  glands  as  I  have  shown  in  the 
case  of  the  glands  of  Brunner  (1903).  Here  I  found  that  the 
glands  of  Brunner  of  the  squirrel  would  stain  blue  even  in  an  alum 
haematein  solution,  while  those  of  most  other  mammals  required 
for  this  purpose  the  stronger  muchaematein  solution,  and  those 
of  the  sheep  stained  but  slightly  even  in  that. 
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TABLE   1 

Showing  resiUls  of  experiments  in  staining  the  gastric  glands  of  the  pig  in  several 
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The  question  is  still  further  complicated  by  the  fact  that  these 
solutions  may  occasionally  give  positive  results  in  glands  where 
a  chemical  examination  of  the  secretion  reveals  not  the  slightest 
trace  of  mucin.  Such  a  case  Mayer  found  in  the  submaxillary 
glands  of  the  hedgehog. 

In  view  of  these  facts,  it  may  be  said  that  the  results  obtained 
from  the  use  of  the  so-called  mucus  stains  are  suggestive  or  .con- 
firmatory rather  than  demonstrative,  and  that  they  should  only 
be  interpreted  in  connection  with  e\adence  derived  from  the  chem- 
ical examination  of  the  secretion,  or,  when  this  is  impossible,  from 
the  consideration  of  the  information  that  may  be  elicited  by  a 
study  of  the  morphological  relationship  of  the  cells  in  question 
to  epithelia  of  known  function. 

By  reference  to  table  1  it  will  be  seen  that,  of  thirty-five  com- 
binations of  fixing  and  staining,  in  series  1,  twelve  gave  positive 
results  for  mucus  in  all  the  cells  of  the  cardiac  glands,  four  gave 
positive  results  in  some  cells,  negative  in  others,  while  nineteen 
were  negative.  The  strongest  stains  were  obtained  after  fixation 
in  alcohol,  but  tissues  fixed  in  Zenker's  fluid  or  in  the  acetic-osmic- 
bichromate  mixture  also  gave  strong  stains.  Only  two  of  the  fix- 
ations gave  negative  results  in  all  the  stains,  namely,  formaline- 
Zenker  and  Altmann's  fluid.  In  series  2  and  3,  however,  in  which 
the  experiments  were  carried  out  in  the  same  way,  cardiac  glands 
fixed  in  these  fluids  gave  positive  results  with  the  strong  muchae- 
matein  and  strong  mucicarmine,  while  tissues  from  the  same  ani- 
mals fixed  in  alcohol-bichromate-sublimate  gave  positive  results 
instead  of  partial  as  in  series  1.  This  was  apparently  due  to 
the  fact  that  the  cells  were  in  a  different  physiological  state  from 
those  of  series  1. 

In  the  neck-chief  cells  of  the  fundus  glands  the  results  were 
positive  in  twenty-one,  partial  in  two,  and  negative  in  twelve. 
In  the  mucous  cells  of  the  body  of  the  fundus  gland  they  were 
positive  in  twenty,  partial  in  two,  and  negative  in  thirteen.  In 
the  pyloric  glands  they  were  positive  in  twenty-six,  partial 
in  seven,  and  negative  in  two.  These  results  are  expressed  in 
table  2: 
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TABLE  2 
Summary  of  restdts  on  staining  the  gastric  glands  of  the  pig  with  miLCUs  stains 

Sbbibs  1 


POSITIVE         "  fARTIAL  NBOATIVK 


Cardiac  glands 

Neck-chief  cells  of  fundus  glands. . . 
Mucous  cells  of  body  fundus  glands. 
Pyloric  glands 


12 
21 
20 
26 


SbRISS  2  AND  3 


Cardiac  glands. 


19 


19 

12 

13 

2 


14 


The  results  tabulated  as  partial  are  those  in  which  the  secre- 
tion in  some  of  the  cells  stained  while  that  in  others  remained  un- 
stained. This  result  is  obviously  to  be  interpreted  as  due  to  the 
phase  of  chemical  elaboration  which  the  secretion  in  the  particu- 
lar cell  had  reached,  and  as  indicating  that  this  secretion  reacted 
positively  with  greater  readiness  in  certain  phases  of  its  elabora- 
tion than  in  others. 

Conservatively  interpreted,  these  results  indicate  that,  in 
so  far  as  staining  reactions  are  concerned,  the  probability  that 
the  several  types  of  cells  considered  are  engaged  in  the  produc- 
tion of  a  form  of  mucus,  is  94  per  cent  for  the  pyloric  glands, 
63  per  cent  for  the  chief  cells  of  the  neck  of  the  fundus  gland,  and 
60  per  cent  for  the  cardiac  glands  (series  2  and  3).  The  posi- 
tive results  in  each  case  by  no  means  prove  that  the  cells  are 
mucous  cells;  they  only  indicate  that  that  is  a  reasonable  suppo- 
sition. 

We  are  obliged,  therefore,  in  order  to  get  further  evidence  as 
to  the  function  of  these  glands,  to  fall  back  on  other  sorts  of  evi- 
dence. Of  course,  the  method  that  at  once  suggests  itself  is  the 
chemical  examination  of  the  mucous  membrane  or  of  the  secre- 
tion from  a  permanent  fistula  of  this  region.  Here,  however,  such 
methods  can  help  us  but  little,  for,  whether  we  make  extracts 
of  the  mucosa,  or  examine  the  secretion,  we  are  sure  to  find  mucin, 
derived  from  the  surface  epithelium.  The  discovery  of  a  specific 
enzyme  in  the  cardiac  glands  would  undoubtedly  favor  the  view 
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that  the  glands  were  not  mucous  glands,  but  as  yet  such  evidence 
is  not  forthcoming.  It  is  true  that  Haane  (1905)  demonstrated 
the  presence  of  an  amylolytic  enzyme  in  the  extracts  of  this 
region,  but  he  also  demonstrated  that  it  was  not  specific  for  this 
region,  when  he  found  that  extracts  of  the  fundus  were  even 
stronger  in  this  respect  than  those  of  the  cardiac  region.  If  we 
accept  Haane's  conclusion  that  the  cardiac  glands  are  specific 
elements  different  from  anything  in  fundus  glands,  then  we  must 
assimie  that  his  amylolytic  ferment  did  not  come  from  the  glands, 
but  from  elements  which  he  admits  the  fundus  and  cardiac  glands 
to  have  in  common,  namely,  the  surface  and  foveolar  epithelium. 
If  we  reject  Haane's  hypothesis,  then  we  must  assume  that  the 
cardiac  glands  have  a  common  function  with  those  elements  in 
the  fundus  glands  which  remain  after  the  exclusion  of  the  types 
of  cells  which  are  not  represented  in  the  cardiac  glands;  in  short 
that  they  share  the  function  of  the  accessory  cells  of  the  fundus 
glands,  which  for  many  reasons  are  believed  to  be  mucous  cells. 

There  are,  however,  other  very  clear  indications  that  the  con- 
clusion drawn  from  the  staining  reactions  that  the  glands  are 
mucou3  glands  is  correct. 

Of  first  importance  in  this  connection  is  the  close  relation  that 
exists  between  the  cells  of  the  cardiac  glands  and  those  of  the  sur- 
face epithelium  of  the  stomach.  If  one  examines  the  transition 
between  these  two  types  he  will  find  that  there  is  no  point  where 
an  abrupt  change  in  character  of  the  epithelium  takes  place,  such 
as  is  common  in  other  glands.  On  the  contrary  the  transition 
is  a  very  gradual  one,  and  it  is  easy  to  find,  in  the  upper  territory 
of  the  gland,  cells  which  are  precisely  intermediate  in  type  between 
those  of  the  bottom  of  the  gland  and  those  of  the  surface.  The 
change  from  one  type  to  another  is  accomplished  by  gradations 
which  are  almost  imperceptible  from  cell  to  cell,  although  the 
extremes  are  very  different.  It  is  of  course,  possible  that  the 
cells  of  these  intermediate  types  are  engaged  in  a  two-fold  function, 
sharing  in  this  way  the  mucigenous  function  of  the  foveolar  epithe- 
lium and  the  unknown  function  of  the  gland  cells,  and  that,  pro- 
ceeding in  one  direction,  the  latter  function  becomes  increased 
to  the  ultimate  exclusion  of  the  former.    But,  when  we  consider 
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the  staining  reactions  with  mucus  stains,  this  does  not  seem  prob- 
able, and  it  does  not  agree  with  our  experience  in  other  glands. 
For  example,  there  is  an  abrupt  change  from  neck-chief  cells  to 
body-chief  cells  and  no  intermediate  types.  The  same  is  true  of 
the  transition  of  the  glands  of  Brunner  where  they  open  into 
intestinal  crypts,  and  of  the  relations  of  duct  and  acinus  in  all 
the  salivary,  buccal  and  oesophageal  glands.  In  the  stomach 
only  do  we  find  this  gradual  transition  from  one  type  of  cell  into 
another,  and  it  appears  to  me  that  the  simplest  explanation  is  that 
the  differences  are  really  less  than  they  seem  and  that  the  two 
t  jrpes  so  related  morphologically  are  also  physiologically  related 
and  are  concerned  with  the  production  of  a  similar  secretion. 

In  this  connection  it  may  be  remarked  that,  although  accurate 
information  on  the  subject  of  the  composition  of  the  slime  se- 
creted by  the  gastric  epithelium  is  still  lacking,  the  work  of 
Cremer  (1895)  shows  that  it  owes  its  physical  properties  to  the 
presence  of  a  true  mucin. 

Another  argument  in  favor  of  the  interpretation  of  the  cardiac 
glands  as  mucous  glands  is  derived  from  the  consideration  of  the 
nature  of  the  glands  which  occupy  the  intermediary  zones  be- 
tween the  cardiac  and  fundus  regions  on  the  one  hand  and  between 
the  cardiac  and  pyloric  regions  on  the  other.  These  intermediate 
zones  have  been  carefully  studied  by  Frohlich  (1907),  who  showed 
that,  although  pyloric  and  cardiac  glands  are  very  different  in  ap- 
pearance, when  compared  at  points  some  distance  from  one  an- 
other, at  the  margin  of  contact  of  the  two  zones,  these  two  types 
are  connected  by  a  series  of  intermediate  types  constituting  a 
perfect  transition  between  the  extremes.  Similarly,  on  approach- 
ing the  fundus  region  the  cardiac  gland  cells  become  more  and 
more  like  the  mucous  cells  of  the  fundus  glands.  In  consideration 
of  these  facts  the  evidence  of  relationship  between  the  pyloric 
glands  and  the  cardiac  glands  indicates  that  they  have  a  conmion 
function  which,  however,  they  may  exhibit  in  different  degrees  of 
intensity. 

These  transitions  indicate  that  the  surface  and  foveolar  epithe- 
lium and  the  cells  of  the  cardiac  and  pyloric  glands  and  the  mu- 
cous cells  of  the  neck  of  the  fundus  glands  constitute  a  group  of 
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closely  related  functional  elements  which  differ  it  is  true,  inter 
se,  but  which,  nevertheless,  engage  in  a  similar  function.  As  we 
know  the  foveolar  epithelium  and  the  pyloric  glands  to  be  mucous 
glands,  it  is  probable  that  all  belonging  to  this  group  are  also 
mucous  glands.  Whether,  as  is  probable,  they  secrete  other 
substances  as  well,  we  can  not  say  at  present. 

We  may  now  proceed  to  a  discussion  of  the  facts  which  have 
been  advanced  by  Haane  and  Monnig,  in  support  of  their  view 
that  the  cardiac  glands  in  the  pig  are  serous  elements  having  a 
zymogenic  function.  Haane  bases  this  view  on  the  negative 
results  obtained  by  him  in  the  cardiac  glands  of  the  pig  with 
mucus  stains,  on  the  greater  affinity  for  eosin  shown  by  these 
glands  as  compared  with  the  cardiac  glands,  and  on  his  success 
in  extracting  a  diastase  from  the  mucosa.  To  these  Monnig 
adds  the  observation  that  the  cells  of  the  cardiac  glands  of  the 
pig  contain  a  secretion  antecedent  in  the  form  of  refractive  gran- 
ules, which,  when  fixed  and  stained  by  the  Altmann  method, 
resemble  the  secretion  granulations  of  the  parotid  gland.  These, 
he  says,  must  be  interpreted  as  zymogen  granules. 

I  have  already  considered  the  negative  results  of  Haane  and 
Monnig,  and  have  shown  how  positive  results  may  be  obtained 
in  staining  the  cardiac  glands  o£  the  pig  with  mucous  stains. 
There  still  remains  to  be  considered  the  reaction  of  the  ceUs  to 
eosin,  and  the  granules  which  Monnig  interpreted  as  zymogen 
granules.  With  regard  to  the  former,  it  is  apparent  that  Haane 
has  made  no  attempt  to  analyze  the  reasons  of  this  affinity  for 
eosin,  for  he  does  not  tell  us  whether  it  is  the  secretion  or  the 
cytoplasm  or  both  which  stains  with  eosin.  Frohlich,  on  the  other 
hand,  in  his  descriptions  of  the  cardiac  glands,  is  careful  to  specify 
what  portion  of  the  cell  stains  with  eosin.  From  his  descriptions, 
with  which  my  own  observations  wholly  agree,  it  appears  that  the 
portion  of  the  cell  which  stains  is  not  the  mass  of  secretion,  but, 
on  the  contrary,  the  protoplasm  of  the  cell.  This  protoplasm 
stains  with  eosin  or  other  acid  dyes  as  does  all  protoplasm  which 
has  been  fixed  in  acid  solutions  or  in  mercuric  chloride,  unless 
there  happens  to  be  a  specific  basophile  substance  present,  as 
is  the  case  in  the  chief  cells  of  the  fundus  glands.    When  a  gland 
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cell  stains  strongly  in  eosin,  therefore,  it  indicates  that  there  is 
little  chromidial  substance  present,  and  that  the  proportion  of 
cytoplasm  as  compared  with  secretion-antecedent  is  relatively 
large.  A  mucous  cell,  thus,  will  stain  strongly  in  eosin  or  other- 
wise, according  to  the  stage  of  secretion  in  which  it  happens  to  be 
when  fixed,  and,  by  the  simple  expedient  of  stimulating  the  gland, 
cells  with  a  strong  affinity  for  eosin  may  be  produced  in  any 
mucous  gland.  The  reaction  with  eosin  is  thus  by  no  means 
an  argument  in  favor  of  the  interpretation  of  these  cells  as  serous 
cells.  On  the  contrary,  the  absence  of  the  basophile  chromidial 
substance,  which  this  reaction  indicates,  speaks  strongly  against 
this  conclusion,  for  cells  which  we  know  to  be  serous,  as  for  ex- 
ample, the  parotid  gland,  the  chief  cells  of  the  gastric  gland  and 
the  pancreatic  cells,  have  been  shown  to  contain  this  substance 
and  to  increase  it  after  stimulation. 

Monnig's  observation  that  the  cells  of  the  cardiac  glands  of 
the  pig  contain  in  their  distal  segments  granules  which,  like  those 
of  the  parotid  gland,  may  be  demonstrated  by  the  well-known 
Altmann  method,  I  can  fully  confirm.  I  cannot,  however,  accept 
his  conclusion  that  these  are  zymogen  granules.  In  this  con- 
nection Monnig  remarks  that  the  richness  of  these  cells  in  gran- 
ules varies  with  their  functional  condition,  but  that  he  has  not 
investigated  these  changes.  This  hiatus  I  am  now  able  to  fill. 
I  have  found  that  the  number  of  the  granules  of  this  sort  varies, 
as  stated  by  Monnig,  with  the  condition  of  the  cell.  In  some 
glands  the  entire  secretory  content  of  the  cells  of  the  cardiac 
glands  is  in  the  form  of  fuchsinophile  granules,  which  are  best 
demonstrated  by  the  Altmann  method.  In  glands  from  another 
animal,  however,  the  cells  may  contain  more  reserve  secretion- 
antecedent  than  in  the  case  just  cited,  but  only  a  small  portion 
is  in  the  form  of  fuchsinophile  granules.  The  rest  consists  of 
granules  of  very  low  refractive  ihdex  which  do  not  stain  in  the 
Altmann  method.  The  latter  granules,  however,  stain  with 
strong  muchaematein  and  strong  mucicarmine  even  after  fixation 
in  Altmann's  solutions,  and  as  indicated  in  table  1,  series  2  and  3, 
when  fixed  in  alcohol,  Zenker,  or  acetic-osmic-bichromate,  they 
stain  in  the  weak  muchaematein  as  well.    The  fuchsinophile 
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granules  are,  therefore,  not  the  proximal  antecedent  of  the  secre- 
tion, but  are  transformed  before  secretion  into  another  anteced- 
ent which,  both  in  the  fresh  cell  and  in  fixed  tissue,  has  the  appear- 
ance and  reactions  of  mucus.  The  presence  in  mucous  cells 
of  a  remote  antecedent  in  the  form  of  granules  of  higher  refractive 
power  than  the  mucigen  granules,  which  stain  with  acid  fuchsin 
but  not  with  mucus  stains,  has  been  demonstrated  by  Krause 
(1885)  in  the  retrolingual  gland  of  the  hedgehog,  and  by  myself 
(1903)  in  the  pyloric  glands  of  Cavia  and  Plethodon,  and  in  the 
epitheUal  cells  of  the  stomach  of  the  young  pig.  I  have  also  shown 
that  under  certain  conditions  of  fixation  the  fuchsinophile  gran- 
ules stain  with  mucin  stains  in  the  cardiac  glands  of  the  pig 
(table  1,  series  1). 

We  may  conclude,  therefore,  that  the  probability  of  the  correct- 
ness of  the  conclusion  that  the  cardiac  glands  are  mucous  glands, 
which  has  been  drawn  from  their  staining  reactions  and  from  a 
consideration  of  their  relationship  to  epithelium  of  known  secre- 
tory function,  has  not  been  diminished  by  the  consideration 
of  the  facts  brought  out  by  Haane  and  Monnig,  and  that  these 
facts  are  consistent  with  the  known  facts  concerning  the  mucous 
cells,  and  the  changes  they  show  in  different  phases  of  their  secre- 
tory history. 

To  the  question  of  the  phylogenetic  source  of  the  cardiac  glands, 
Haane  devotes  no  attention  in  his  articles,  and  Monnig  merely 
states  that  he  regards  the  occurrence  of  a  graded  transition  be- 
tween the  cardiac  glands  and  the  fundus  glands  on  the  one  hand, 
and  between  the  former  and  the  pyloric  glands  on  the  other 
hand,  as  no  indication  that  the  cardiac  glands  have  been  devel- 
oped from  either.  He  remarks  that  one  might  with  equal  justice 
claim  that  the  pyloric  glands  have  been  developed  from  cardiac 
glands.  It  is  apparent  that  he  has  not  attached  sufficient  weight 
to  the  facts  concsrning  the  distribution  of  the  various  sorts  of 
g-ands  in  those  simple  mammalian  stomachs  which,  we  have  good 
reason  to  believe,  represent  the  primitive  condition.  Indeed, 
not  only  is  there  great  uniformity  in  this  respect  in  simple  mamma- 
lian stomachs,  but  the  latter  agree  in  their  main  characteristics 
with  those  of  lower  vertebrates  down  to  the  fishes.    In  all,  there 


Digitized  by 


Google 


CARDIAC   GLANDS   OF  THE   MAMMALIAN   STOMACH  389 

is  a  well-defined  fundus  gland  area  occupying  the  proximal  end 
of  the  stomach,  and  an  equally  well-defined  pyloric  gland  area 
occupying  the  distal  or  pyloric  end.  Moreover,  in  Batrachia, 
Reptilia  and  Mammaha,  the  relations  of  the  two  types  of  glands 
to  one  another,  as  regards  their  cellular  constituents,  is  constant, 
inasmuch,  as,  in  these  three  orders,  the  pyloric  glands  are  com- 
posed of  cells  similar  to  cells  which  occupy  the  neck  of  the  fundus 
gland.  Thus  the  fundus  glands  and  the  pyloric  glands  are  struc- 
tures which  have  a  long  phylogenetic  history  and  a  considerable 
morphologic  fixity  of  type.  The  cardiac  glands  on  the  other  hand 
appear  for  the  first  time  in  Mammalia,  and  occupy  a  territory 
which  in  more  primitive  stomachs  is  occupied  by  fundus  glands. 
If  we  assume,  as  did  Haane  and  Monnig,  that  they  are  new  struc- 
tures developed  for  a  special  purpose  in  Mammals,  and  having 
no  relation  to  the  fundus  glands,  we  must  explain  why  the  fun- 
dus glands  which  originally  occupied  this  area  have  disappeared 
and  what  the  functional  need  is  that  these  structures  serve.  No 
evidence  of  value  is  advanced  by  Haane  and  Monnig  on  either 
of  these  topics,  for  Haane  has  shown  that,  as  far  as  the  formation 
of  his  amylolytic  enzyme  is  concerned,  this  function  is  even  now 
better  performed  by  the  fundus  glands  than  by  the  cardiac  glands 
which  have  replaced  them. 

The  alternative  hypothesis  is  that  in  the  course  of  evolution 
the  fundus  glands  which  occupied  this  region  have  been  brought 
to  a  successively  less  and  less  perfect  development  in  succeeding 
generations  and  that  the  cardiac  glands  represent  one  result  of 
this  regressive  process.  If  this  be  true,  it  is  probable  that  they 
are  vestigial  physiologically  as  they  are  morphologically. 

It  is  not  the  purpose  of  this  paper  to  review  at  length  the  argu- 
ments in  favor  of  this  hypothesis,  in  view  of  the  fact  that  I  have 
already  dealt  with  this  question  fully  elsewhere  (1902).  I  may 
point  out,  however,  that  Frohlich  (1907),  who  is  the  only  one  of 
the  authors  quoted  who  has  considered  the  question  fully  since 
the  publication  of  my  article,  has  come  to  a  similar  conclusion, 
and  that  this  conclusion  is  supported  by  the  histogenetic  studies 
of  Kirk  and  myself,  which  show  that  the  embryonic  cardiac  glands 
of  the  pig  contain  parietal  cells  which  later  disappear. 
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THE  QUESTION  OF  APPLIED  ANATOMY 

ARTHUR  W.  MEYER 

Leland  Stanford  University 

The  demand  for  practical  teaching  in  anatomy,  and  for  the  practical, 
has  been  an  insistent  one  for  decades.  Unfortunately  the  term  "prac- 
tical" was  often  used  as  opposed  to  the  scientific  by  those  who  made 
these  demands.  All  facts  which  did  not  have  a  very  patent  application 
were  spoken  of  as  abstract,  or  theoretical  even.  That  the  teaching  of 
the  scientific  could  not  be  of  any  practical  utility,  and  that  the  in- 
clusion of  the  practical  relations  sacrificed  the  scientific,  were  long 
accepted  as  truisms  by  many  professed  devotees  of  anatomy.  The 
scientific  and  the  practical  were  supposed  to  be  mutually  exclusive  and 
antagonistic,  and  necessarily  so.  That  in  conjunction  with  other  things 
such  misconceptions  did  not  hasten  the  advent  of  scientific  anatomy, 
in  this  country,  is  better  Known  to  many  anatomists  than  to  myself.  It 
is  not  my  purpose  to  consider  here  what  the  effect  of  this  so-called 
practical  teaching  and  of  such  views  has  been  upon  the  teaching  of 
anatomy  and  upon  the  organization  of  departments  of  anatomy.  What- 
ever their  effect  it  is  clear  to  every  one  that  rapid  progress  is  now 
being  made  by  a  movement  of  truly  national  scope,  and  that  the 
names  of  the  few  who  initiated  this  movement  will  ever  be  held 
in  grateful  remembrance.  Perhaps  no  one  will  gainsay  that  the 
training  of  the  future  practitioner  of  medicine  shall  be  a  practical 
one.  Every  one  recognizes  that  the  prevention  and  alleviation  of 
suffering  are  the  first  duty  of  the  physician.  Hence,  his  interest 
in  those  facts  which  have  found  direct  application  is  a  paramount 
one.  But  his  attention  must  not  be  directed  solely  and  his  inter- 
ests confined  exclusively  to  them.  The  needs  of  the  hour  of  the 
practitioner  must  not  become  the  alpha  and  omega  of  student  life,  for 
the  purely  theoretical  and  scientific  of  to-day  may  perchance  be,  and 
often  have  become,  the  intensely  practical  and  utilitarian  of  to-morrow. 
In  spite  of  the  strictures  passed  upon  a  great  national  institution  a 
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few  years  ago  for  the  accumulation  of  what  were  termed  *'mere  facts." 
I  take  it  that  it  lies  within  the  power  of  no  one,  be  he  seer  or  prophet,  to 
judge  or  to  predict  the  value  of  an  isolated  scientific  fact.  Of  books 
and  men  many  may  be  insignificant,  but  not  of  facts.  These  are 
manifestly  such  only  because  of  ignorance.  As  Sherrington  well  said: 
"In  nurturing  science,  I  would  urge  that  the  community  cultivates 
more  than  mere  utility;  and  even  in  regard  to  mere  utility,  as  the 
fields  of  knowledge  fall  ripe  under  the  ceaseless  husbandry  of  the 
world's  thought,  those  who  would  join  in  the  great  reaping,  and  not  only 
glean  where  others  reaped  before  them,  must  cultivate  for  themselves." 

That  it  is  possible  to  practice  medicine  without  contributing  to  the 
development  and  advancement  of  the  medical  sciences,  is  not  denied. 
This  has  received  abundant  demonstration.  Yet  who  will  maintain  that 
it  can  be  done  as  efficiently?  Hence,  the  future  licentiate  must  be  trained 
for  growth.  He  should  have  a  broader  horizon  and  a  more  fimdamental 
training  than  can  be  obtained  by  mere  familiarity  with  isolated  weU- 
established  facts  and  weD-tried  routine  procedures  of  the  day.  "It 
is  necessary  that  the  student  go  forth  from  his  school  equipped  not  only 
with  the  present  applications  of  science  to  disease,  but  so  possessed 
of  the  root  principles  of  the  sciences  adjimct  to  medicine  that  he  may 
grasp  and  intelligently  use  the  further  development  of  scientific  medicine 
after  he  is  weaned  from  his  instruction  and  the  school.  That  is  the  way 
to  obtain  enlightened  progress  in  professional  practice.  What  truer 
safeguard  can  a  man  have,  alone  it  may  be,  and  isolated  from  the  cen- 
turies of  knowledge,  what  truer  safeguard  can  he  have  against  all  the 
pseudo-scientific  quackeries  of  the  day,  than  some  real  knowledge  of 
the  principles  of  the  sciences  along  whose  lines  the  discoveries  of  medi- 
cine must  develop?"  (Sherrington)  Principles  rather  than  details,  then, 
must  guide  the  practitioner  of  the  future,  and  biological  laws  rather  than 
facts  must  point  out  the  line  of  attack  upon  the  many  new  problems  with 
which  he  will  come  face  to  face.  The  memorizing  of  Gray,  or  quiz-com- 
pend  methods,  cannot  help  him,  though  they  enable  him  to  pass  state- 
board  examinations  with  the  best  of  marks,  or  take  the  highest  honors. 
And  regarding  honors,  was  it  not  Stevenson  who  said,  "Though  here  and 
there  a  Lord  Macaulay  may  escape  from  school  honors  with  all  his  wits 
about  him,  most  boys  pay  so  dearly  for  their  medals  that  they  never 
afterward  have  a  shot  in  their  locker  and  begin  the  world  bankrupt?" 

The  old  demand  for  the  practical,  however,  persists  although  the  stu- 
dent who  has  become  interested  in  a  subject,  be  it  ever  so  far  removed 
from  utilitarian  ends,  seeks  such  props  no  more  than  the  teacher  who 
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really  lives  in  the  field  in  which  he  works.  This  is  as  true,  perhaps  truer, 
of  human  anatomy  than  of  any  other  subject.  Hence,  the  necessity 
for  teaching  applied  anatomy  must  lie  in  the  requirements  of  the  future 
practitioner,  or  the  exigencies  of  the  situation,  rather  than  in  the  neces- 
sity for  arousing  interest  in  anatomy  itself.  I  have  elsewhere  expressed 
myself  to  the  effect  that  I  fail  to  see  why  many  of  the  things  usually 
included  in  this  subject  should  be  taught  at  all  in  the  required  work  of 
the  curriculum,  and  that  many  of  the  remaining  relations  can  be  discussed 
partly  in  connection  with  the  work  in  systematic  anatomy,  and  mainly 
in  connection  with  topographical  anatomy  leaving  to  the  surgeon  the 
things  that  are  his.  The  question  besides  is  one  of  time  and  of  organiza* 
tion. 

There  seems  to  be  no  consensus  of  opinion,  however,  on  what  shall 
constitute  applied  anatomy.  At  the  present  it  may  mean  topographical 
anatomy,  partly  normal  and  partly  pathological,  regional  topographical 
anatomy,  surgical  anatomy,  medical  anatomy,  or  anatomy  as  related 
to  the  whole  field  of  medicine  and  surgery  including  the  specialties — 
sometimes  called  clinical  anatomy,  or  even  operative  surgery.  It  is 
clear,  of  course,  that  all  these  things  save  operative  surgery  would  be  in- 
cluded in  the  term  "  clinical  applied  anatomy."  Besides  these,  there  are, 
of  course,  the  relations  of  anatomy  to  the  fine  arts,  like  sculpture  and 
painting,  to  hygiene  and  the  related  subjects  of  physical  education,  to 
the  industries  such  as  the  designing  of  wearing  apparel,  furniture,  seats, 
chairs,  etc.  Indeed,  shoes  and  seats  are  usually  made  as  though  body 
form  were  wholly  imdetermined  and  indeterminable.  With  the  excep- 
tion, perhaps,  of  artistic  anatomy,  the  discussion  of  these  matters  might 
be  of  more  real  value  to  the  student  than  much  that  is  now  included  in 
so-called  applied  anatomy.  It  is  not  my  purpose,  however,  to  suggest 
that  all  the  above  should  be  included,  save  in  a  purely  optional  course. 
Indeed,  all  I  am  concerned  with  at  present  is  that  there  should  be  some 
fairly  definite  understanding  as  to  how  much  of  this  work,  and  which  of 
it,  if  any,  should  be  included  in  the  required  work  of  the  curriculum. 

Any  one  who  has  examined  the  books  issued  on  applied  anatomy  in 
the  last  decade  or  more,  either  as  first  or  revised  editions,  must  have 
been  impressed  with  the  fact  that  most  of  them  deal  almost  exclusively 
with  surgical  applied  anatomy  and  with  operative  surgery.  Conse- 
quently, they  are  suited  for  the  use  of  the  surgeon  rather  than  for  that 
of  the  student  of  medicine,  and,  although  we  have  been  assured  that  "the 
number  of  excellent  works  on  applied  anatomy  is  large  enough  to  render 
the  exhaustion  of  an  edition  of  any  one  a  fair  presumption  of  its  fitness 
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to  survive,"  it  is  likely  that  an  excellent  book  on  applied  anatomy  for 
the  student  of  medicine  is  yet  to  be  written.  Most  of  the  existing  texts 
are  indeed  surgical  applied  anatomies,  with  a  varying  amount  of  opera- 
tive surgery.  By  far  the  best  of  these  books  which  has  come  to  my  atten- 
tion is  the  well-known  little  volume  by  Sir  Frederick  Treves,  called 
'^Surgical  Applied  Anatomy.''  In  the  introduction  to  this  volume,  it  is 
frankly  stated,  that  it  "  is  intended  mainly  for  the  use  of  students  prepar- 
ing for  their  final  examinations  in  surgery."  Unfortunately,  meeting  the 
examinational  requirements  of  British  students  has  often  been  made  one 
of  the  avowed  objects  of  English  textbook  writers — may  I  say  it? — since 
or  before  the  days  when  Sir  Charles  Bell,  great  as  he  was,  wrote  on  the 
"relation  of  arteries  to  surgical  operations,  especially  for  those  who  dis- 
sect and  desire  to  take  examinations."  While  the  onus  of  this  may  easily 
be  borne  by  men  of  such  eminence,  yet  when  quiz-compend  aims  are 
frankly  adopted  in  writing  textbooks,  it  is  time  to  recall  that  the  require- 
ments of  a  subject  and  the  standards  of  medical  education,  rather  than 
licensure  tests  should  determine  the  character  of  books  deserving  careful 
consideration,  unless,  as  we  do  not  believe,  it  still  be  the  object  of  British 
medical  schools,  as  it  is  of  some  of  ours,  to  train  students  for  tests  rather 
than  for  life.  Moreover,  since  Treves'  "  Surgical  Applied  Anatomy  "  con- 
siders such  things  as  Chopart's,  Lisf ranc's,  Pirigoff 's  and  Symes'  amputa- 
tions, and  excisions  of  the  superior  and  inferior  maxilla,  and  shoulder 
amputations,  it  is  clear  that  it  should  not  be  used  indiscriminately  in 
our  schools.  If  all  teachers  of  applied  anatomy,  or  of  anatomy,  who  use 
textbooks  outlining  all  manner  of  major  operations  in  surgery,  were 
men  of  corresponding  standing,  we  might  be  content  to  let  the  matter 
rest  there.  But,  naturally,  this  work  often  is  and  probably  long  will 
be  done  by  those  who  are  neither  experienced  surgeons  nor  anatomists. 
Hence,  while  a  consideration  of  the  technique  of  major  operations  in 
surgery  may  be  all  good  and  well  enough  for  students  and  practitioners 
of  surgery,  the  rank  and  file  of  medical  students  who  according  to 
every  one  should  never  attempt  these  things  without  careful  post- 
graduate hospital  training,  cannot  profit  by  them. 

It  is  not  my  intention  to  write  a  review  of  recent  books  on  applied 
anatomy,  but  reference  to  a  few  may  be  of  interest.  As  is  customary, 
anatomical  facts  of  importance  to  the  surgeon  only  are  given.  Yet 
the  author  of  one  of  these  very  recent  volumes  hopes  that  the  detail 
given  will  be  suflicient  "to  obviate  frequent  reference  to  textbooks  of 
systematic  anatomy."  Some  of  the  clinical  and  anatomical  facts  given 
in  this  book  include  the  statements  that  "trigeminal  neuralgia  is  believed 
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to  be  due  to  contraction  of  the  dural  pocket,  containing  the  ganglion, 
which  is  therefore  crushed^*  Pain  due  to  "night  startings"  is  said  to  be 
due  to  "a  relaxation,  and  possibly  jerking,  of  these  muscles  on  sleep  super- 
vening, producing  a  jarring  of  the  bones  on  one  another,  the  delicate 
nerve  fibrils  which  exist  in  such  abundance  just  under  the  articular 
cartilage  being  crushed,'^  (The  italics  are  the  writer's.)  This  same  text 
also  copies  a  longitudinal  section  of  the  spinal  column  with  the  cord  in 
situ,  in  which  the  latter  is  represented  as  large  as  the  bodies  of  the  verte- 
bra. "The  mediastinum,"  we  are  told,  "extends  from  the  sternum  to 
the  spine,  forming  a  complete  septum  between  the  limgs,  and  is  deflected 
somewhat  toward  the  left.  It  is  bounded  by  the  diaphragm  below,  but 
is  open  above,  while  laterally  it  is  bounded  by  the  pleura."  The  author, 
evidently  being  imdecided  whether  the  mediastinum  is  a  space  or  a  sep- 
tum, adopts  both  conceptions,  and  then  boimds  the  septum  by  itself! 
This  book  also  contains  facts  so  invariable  and  so  essential  to  the  sur- 
geon as  that  the  "nutrient  artery  of  the  tibia  is  the  largest  in  the 
body,"  and  that  "the  sacrum  is  really  suspended  between  the  in- 
nominate bones  by  its  ligaments."  Besides  these  things,  the  whole 
book  is  carelessly  written,  quite  in  contrast  to  the  terse,  clear  English 
for  which  many  British  textbooks  are  deservedly  known.  The  student  is 
told,  for  example,  that  "When  the  bladder  is  much  distended  the  orifice 
is  slightly  depressed,  while  if  the  rectum  be  distended  it  is  slightly  raised. 
Normally,  it  lies  behind  and  slightly  below  the  level  of  the  upper  margin  of 
the  symphysis  pubis."  Were  it  not  for  the  many  able  and  eminent  sur- 
geons both  here  and  abroad  who  repudiate  such  teaching,  one  might  be 
tempted  to  suggest  that,  while  such  anatomical  facts  may  sufiice  for  the 
surgeon  and  for  those  preparing  to  pass  British  licensure  tests,  any  one 
worthy  of  the  name  anatomist  would  be  imwilling  to  teach  them.  It  is 
also  difiicult  to  see  how  a  novitiate  in  practice  without  first-hand  expe- 
rience gained  at  the  operating  table,  can  profit  by  such  descriptions  as 
the  following:  * 'Amputations  of  the  shoulder  may  be  performed  by 
making  a  racket-shaped  incision  to  include  a  deltoid  flap  from  the  outside 
of  the  coracoid  down  to  the  lower  border  of  the  pectoralis  major,  then 
outwards  across  the  limb  through  the  lower  portion  of  the  deltoid  to  the 
posterior  axillary  fold,  the  limb  being  abducted  and  rotated  outwards. 
As  the  first  part  of  this  incision  is  practically  that  for  excision,  it  enables 
the  condition  of  the  parts  about  the  joint  to  be  examined  before  proceed- 
ing to  amputate,  in  case  of  doubt.  The  racket  is  now  completed  across 
the  superficial  tissues  on  the  inner  side  of  the  limb.  The  deltoid  flap, 
containing  the  posterior  circumflex  vessels  and  circumflex  nerve,  is  now 
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raised,  the  capsular  muscles,  capsule  and  triceps  tendon  divided;  and  the 
head  disarticulated.  The  triceps,  latissimus  dorsi,  and  teres  major, 
are  next  cut,  and  the  limb  being  drawn  from  the  side,  the  axillary  vessels 
may  be .  ligatured,  and  then  along  with  the  nerves,  cephalic  vein,  hu- 
meral branch  of  the  acromio-thoracic  artery,  some  fibers  of  the  deltoid 
and  triceps  and  coraco-brachialis,  divided  by  a  transverse  incision."  Put 
this  into  the  hands  of  the  recent  graduate,  with  or  without  a  word  about 
the  conditions  which  justify  it,  and  submit  your  shoulder,  if  you  like, 
my  friend.  This  same  text  gives  a  similar  account  of  Kraske's  opera- 
tion for  carcinoma  of  the  rectum,  etc.,  and,  since  it  does  not  profess  to  be 
an  operative  surgery,  it  may  pertinently  be  asked  of  what  use  such  things 
are  save  to  enable  students  to  pass  examinations  which  they  should  not 
pass,  and  perform  operations  which  they  should  never  perform. 

The  purpose  of  another  recent  book  is  ''to  provide  the  student  with 
a  handbook  dealing  not  only  with  surgical  and  medical  anatomy  but  with 
operative  surgery."  Hence  the  fact  that  "two  classical  operations  sel- 
dom performed  nowadays  have  been  allowed  to  remain  on  account  of 
their  historical  interest"  is  not  to  be  wondered  at.  No  doubt  gynsecolo- 
gists  as  well  as  anatomists  will  commend  the  author  of  these  volumes 
for  concluding  that  "the  surgery  of  the  female  generative  organs  has 
now  become  so  large  a  subject  that  it  has  been  thought  possible  to  omit 
descriptions  or  gynaecological  operations  altogether  in  the  present  edi- 
tion." Even  with  this  omission,  it  is  to  be  doubted  whether  American 
medical  students  or  their  future  patients  can  be  benefited  by  instruction 
which  considers  iridectomies  and  cataract  extraction,  even  were  this 
instruction  to  be  given  in  surgery  rather  than  in  applied  anatomy. 

An  attempt  has  also  been  made  by  an  American  surgeon  to  bring  to- 
gether what  he  considers  of  interest  to  all  medical  students.  The  aim 
is  a  worthy  one,  and  we  hope  that  ere  long  a  textbook  of  applied  anatomy, 
not  an  operative  surgery,  will  be  written  by  some  one  fully  qualified  to 
do  it.  In  this  connection  it  may  be  recalled  that  some  textbooks  of  sys- 
tematic anatomy  retain  chapters  on  practical  considerations,  much  after 
the  manner  of  Gray.  The  reason  given  in  Gray,  however,  for  including 
a  large  amount  of  surgical  anatomy,  was  that  it  was  hoped  to  meet  the 
needs  of  the  practitioner  in  surgery  and  not  the  rank  and  file  of  med- 
ical students.  In  an  American  textbook  of  systematic  anatomy,  the 
high  character  of  which  has  received  well-merited  recognition,  in  spite 
of  the  great  need  for  revision,  practical  relations  are  also  discussed  to 
illustrate  "the  dependence  of  diagnosis  and  practice  upon  anatomical 
knowledge,  to  awake  interest  and  to  combat  the  tendency  to  regard  anat- 


Digitized  by 


Google 


THE   QUESTION   OF   APPLIED   ANATOMY  397 

omy  as  something  to  be  memorized  during  student  days  and  to  be  for- 
gotten when  examinations  are  over/'  and  because  it  was  thought  "that 
it  will  make  it  easier  for  the  student  to  learn  his  anatomy  and  for  the 
physician  to  remember  and  apply  it.''  Whatever  one  may  think  of  the 
wisdom  of  introducing  these  things,  or  their  efficiency  in  accomplish- 
ing the  ends  declared,  every  one  certainly  recognizes  the  worthiness  of 
the  aims. 

There  seems  to  be  practical  unanimity  regarding  the  demand  that  stu- 
dents of  medicine  shall  at  least  satisfactorily  dissect  the  lateral  half  of 
the  human  body.  Although  this  is  an  absolutely  fixed  quantity,  yet, 
as  every  one  knows,  it  is  covered  in  a  period  of  time  varying  from  two 
hundred  to  four  hundred  hours  or  more.  The  amount  of  time  spent  by  the 
student  varying  as  a  rule  inversely  with  the  ability  of  the  student  and  the 
standing  of  the  school.  It  is  also  true  that  the  amount  of  time  required 
of  the  student  for  this  work  in  some  of  our  best  medical  schools  is  no 
criterion  of  the  amount  of  time  actually  spent  by  him.  For  as  long  as 
well-qualified  students  only  are  admitted,  high  standards  of  work  are 
set  and  maintained,  and  sufficient  time  is  reserved  in  the  schedule  with 
or  without  the  introduction  of  the  elective  principle,  it  matters  not  how 
much  or  how  little  is  demanded.  As  has  been  well  shown,  under  these 
conditions,  good  students  do  much  more  than  is  required  of  them,  while 
the  weaklings  who  slight  their  work  are  easily  eliminated  by  a  process 
of  daily  supervision  and  by  means  of  practical  instead  of  memory-test 
examinations.  The  other  extreme  in  this  matter  is  represented  by  the 
poorly  prepared  student  who  often  under  adverse  conditions  rushes 
through  his  dissections,  oblivious  of  the  fact  that  one  of  the  chief  objects 
of  dissection  is  to  reveal,  not  to  destroy.  He  often  finishes  his  labora- 
tory work  in  a  few  months,  and  then  spends  the  rest  of  the  year  mem- 
orizing quiz-compends,  studying  state-board  questions,  and  taking  turns 
with  his  teacher  in  reciting  somebody's  notes  on  the  subject. 

Granted  that  this  minimum  requirement  has  been  fulfilled  in  one  way 
or  in  another,  the  question  naturally  arises  ^whether  anything  more  is 
desirable  as  part  of  the  required  work  of  the  curriculum.  The  Com- 
mittee on  Anatomy  of  the  Council  of  Education  of  the  American  Medical 
Associations,  and  the  Committee  of  the  Association  of  American  Medi- 
cal Colleges,  both  recommend  that  medical  students  do  more  than  the 
required  dissection,  and  that  this  additional  work  be  done  in  topograph- 
ical anatomy,  by  laboratory  and  recitation  methods.  At  the  present 
day,  unfortunately,  topographical  anatomy  is  often  converted  into  sur- 
gical applied  anatomy,  and  taught  entirely  out  of  some  such  text-book 
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as  above  referred  to.  This  is,  of  course,  as  unjustifiable  as  it  is  undesir- 
able and  unfortunate  and  it  is  to  be  hoped  that  ere  long  more  labora- 
tories in  this  country  will  be  properly  equipped  for  work  in  topographi- 
cal anatomy.  If  time  or  circumstances  preclude  covering  the  whole  of  the 
the  body,  let  the  work  be  confined  to  regional  topographical  anatomy, 
and  combine  with  this  laboratory  and  class  work,  in  which  practical 
relations  in  general,  and  such  special  relations  only  as  can  be  understood 
without  a  knowledge  of  pathological  and  surgical  conditions  are  con- 
sidered. For  if  it  must  be  a  choice  between  doing  much  badly  and  little 
well,  let  the  preference  always  be  given  to  the  latter.  The  laboratory 
can  and  should  supply  frozen  and  dissected  sections  in  all  planes,  of 
both  sexes  and  in  all  ages.  The  clinic  can  supply  the  living  individual 
when  needed,  and  the  lecture  to  a  small  extent,  and  mainly  the  recita- 
tion— or  better  the  colloquium — can  furnish  the  occasion  for  mutual 
consideration  instead  of  routine  drill.  Assuredly,  topographical  anat- 
omy so  presented  is  a  wholly  different  thing  from  applied  anatomy  as 
usually  taught. 
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THE  Genetic  principles  of  the  development 

OF  THE  SYSTEMIC  LYMPHATIC  VESSELS  IN 
THE  MAMMALIAN  EMBRYO 

PRELIMINARY  COMMUNICATION 

GEO.  S.  HUNTINGTON 
From  the  Anatomical  Laboratory  of  Columbia  University 

THIBTY-FOUR    FIGURES^ 

In  1906,  at  the  22nd  session  of  the  Association  of  American 
Anatomists,  McClure  and  I  presented  a  joint  communication  on 
the  development  of  the  main  lymphatic  channels  in  embryos  of 
the  domestic  cat,  in  their  relation  to  the  venous  system.=^  In  this 
preliminary  paper  we  held  that  the  lymphatic  vessels  of  the  entire 
mammalian  body  are  formed  by  the  confluence  of  perivenous 
mesodermal  spaces,  developed,  as  separate  ajilages,  outside  the 
intima  of  the  ear^y  venous  channels,  but  not  communicating  with 
the  same,  except  eventually  at  certain  definite  points  of  lym- 
phalico- venous  junction  which  are  secondarily  formed.  This  view 
pronounces  for  the  ontogenesis  of  lymphatic  endothelial  cells, 
lining  the  separate  mesodermal  spaces,  independently  of  the  pre- 
existing haemal  vascular  endothelium.  The  mesodermal  inter- 
cellular spaces,  thus  forming  the  fundaments  of  the  future  lym- 
phatic vessels,  are  in  no  sense  derivatives  from  the  embryonic 
veins,  although  closely  associated  with  them  topographically, 
and  eventually  replacing  the  same. 

At  the  time  of  the  publication  of  the  paper  quoted,  embodying 
an  outline  of  these  views  of  mammalian  lymphatic  ontogenesis, 

^  Cost  of  illustrations  met  by  the  author. 

*  G.  S.  Huntington  and  C.  F.  W.  McClure.  The  development  of  the  main  lymph 
channels  of  the  cat  in  their  relation  to  the  venous  system.  Am,  Jour.  Anal.,  vol. 
6,  1907,  Abstr.  Axat.  Rec,  vol.  1,  pp.  36-41. 
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McCIure  and  I  were  not  aware  of  the  fact  that  the  mammalian 
jugular  lymph  sacs  afford,  in  the  typical  mammalian  organiza- 
tion, in  so  far  as  the  same  is  definitely  determined  at  present,  the 
sole  or  chief  portals  of  entry  of  the  entire  systemic  lymphatic 
circulation  into  the  veins. 

We  consequently  failed  to  recognize  correctly  the  true  mor- 
phological type  of  the  adult  mammalian  lymphatico-venous  con- 
nections in  our  earlier  preliminary  paper,  and  hence  regarded 
them,  at  that  time,  as  the  direct  secondary  junctions  of  the  inde- 
pendently developed  systemic  lymphatic  vessels  with  the  veins. 

The  real  significance  of  the  adult  lymphatico-venous  connections 
was  only  subsequently  recognized  by  us  in  the  course  of  a  detailed 
joint  investigation  of  the  area  involved.  A  preliminary  account 
of  our  studies  on  the  development  of  the  jugular  lymph  sacs  in 
the  embryo  of  the  cat,  was  presented  at  the  23rd  session  of  the 
Association  of  American  Anatomists  held  at  Chicago  in  December, 
1907,  and  published  in  the  Proceedings  of  that  meeting.^  The 
details  of  this  investigation,  with  full  critical  analysis  of  all  the 
main  developmental  stages,  in  an  extensive  series  of  cat  embryos, 
and  illustrations  of  the  reconstructions  of  all  important  and  repre- 
sentative periods,  are  published  in  the  April  niunber  of  the  Amer- 
ican Journal  of  Anatomy  of  this  year.* 

After  the  completion  of  our  joint  work  on  the  development  of 
the  mammalian  jugular  lymph  sac,  I  published,  in  1907,'^  a  genetic 
interpretation  of  the  development  of  the  mammalian  lymphatic 
system,  as  a  whole,  in  which  I  regarded  the  same  as  the  final 
product  of  the  union  of  two  genetically  different  and  very  unequal 
components: 

1.  The  entire  extensive  system  of  the  lymphatic  vessels  of 
the  adult,  including  the  thoracic  and  right  lymphatic  ducts  and 
their  tributaries,  is  formed  by  the  confluence  of  numerous  peri- 

»  Geo.  S.  Huntington  and  C.  F.  W.  McClure.  The  anatomy  and  development  of 
the  jugular  lymph  sacs  in  the  domestic  cat.  Anat.  Rec.,  vol.  2,  pp.  1-18,  May, 
1908. 

*  American  Journal  of  Anatomy,  vol.  10,  pp.  177-311,  April,  1910. 

*  G.  S.  Huntington.  The  genetic  interpretation  of  the  development  of  the  mam- 
malian lymphatic  system.    Anat.  Rec,  vol.  2,  pp.  19-45,  May,  1908. 
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venous  and  extra  intimal  intercellular  mesodermal  spaces,  in  the 
sense  previously  defined.  These  primary  anlages  of  the  future 
systemic  lymphatic  vessels  are,  from  their  inception,  lined  by  a 
lymphatic  vascular  endothelium,  whidh  is  not  derived  from  IJhe 
haemal  vascular  endothelium,  but  which  develops  independently 
of  the  same. 

The  lymphatic  channels,  formed  by  the  subsequent  confluence 
of  these  originally  discrete  and  separate  mesodermal  spaces,  fol- 
low in  large  part  the  embryonic  veins  closely,  but  they  are  neither 
derived  from  them,  nor  do  they  communicate  with  them,  ex- 
cept at  the  definite  points  at  which  the  rudimentary  mamma- 
lian type  of  a  lymphatico-venous  heart  is  developed. 

2.  This  structure  develops,  as  the  jugular  lymph  sac  of  the 
typical  mammal,  directly  from  the  perivenous  capillary  reticulum 
of  the  early  pre-  and  post-cardinal  veins,  adjacent  to,  and  includ- 
ing, their  point  of  confluence  to  form  the  duct  of  Cuvier. 

This  mammalian  jugular  lymph  sac,  the  rudimentary  homologue 
of  one  of  the  more  highly  organized  veno-lymphatic  hearts  of 
the  lower  vertebrates,  arises  directly  from  the  veins.  Subse- 
quently, after  evacuation  of  its  blood  contents,  it  apparently 
separates  for  a  short  period  completely  from  the  same,  and  finally 
establishes  two  sets  of  permanent  connections: 

(a)  With  the  independently  formed  systemic  lymphatic  chan- 
nels of  the  entire  body  in  the  majority  of  the  mammalian  types 
carefully  determined  up  to  the  present  date. 

(6)  Secondary  connections  with  the  venous  system,  re-entering 
the  same  at  one  or  more  typical  and  constant  points,  and  thus 
forming  the  link  which  eventually  unites  the  mammalian  lym- 
phatic and  v^ous  systems,  developed  primarily  independently 
of  each  other. 

Thus  the  investigation  of  mammalian  lymphatic  development 
divides  itself  naturally,  in  accordance  with  the  postulates  of  the 
genetic  theory  above  defined,  into  three  separate  and  distinct 
main  parts: 

1.  The  development  and  adult  anatomy  of  the  jugular  lymph 
sacs. 
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2.  The  development  and  adult  anatomy  of  the  general  sys- 
temic lymphatic  vessels. 

3.  The  mode  of  union  with  each  other  of  the  two  components 
ju^  enumerated,  and  the  resulting  establishment  of  a  continuous 
centripetal  lymphatic  vascular  system,  with  definite  and  constant 
terminals  in  the  venous  trunks. 

The  first  of  these  problems,  involving  the  ontogenetic  history 
of  the  mammalian  jugular  lymph  sacs,  having  been  established 
in  detail  by  the  joint  investigations  of  McClure  and  myself  above 
quoted,  I  intend  to  follow  in  similar  detail  the  second  and  third 
postulates  of  the  theory  of  mammalian  lymphatic  development 
just  outlined,  and  to  prove  that,  in  the  composite  organization  of 
the  final  adult  lymphatic  system,  the  jugular  lymph-sacs,  of 
direct  venous  origin,  constitute  the  links  eventually  uniting  the 
haemal  vascular  system  of  the  mammal  with  the  systemic  lym- 
phatic vessels,  which  latter  develop  independently  of  the  veins, 
by  the  confluence  of  numerous  intercellular  perivenous  mesen- 
chymal spaces.  The  embryonic  veins,  along  and  around  which 
the  earliest  anlages  of  the  systemic  lymphatic  channels  develop, 
appear  as  evanescent  and  temporary  components  of  the  embry- 
onic haemal  vascular  system.  They  are  not  carried  into  the 
definite  and  typical  adult  venous  organization,  but  they  afford, 
in  reference  to  the  correlated  lymphatic  system,  by  their  sepa- 
ration from  the  permanent  venous  channels,  and  their  consequent 
collapse  and  atrophy,  a  series  of  lines  of  less  resistance  in  the 
embryonic  body,  which  paths  of  easiest  progress  are  utilized  by 
the  growing  lymphatic  vessels.  In  this  way  the  histological 
picture  of  a  gradual  replacement  of  an  early  embryonic  vein  by  a 
succeeding  secondary ''perivenous''  or  ''extra-intimal"  lymphatic 
vascular  channel  is  obtained,  through  the  confluence  of  numerous 
mesenchymal  spaces,  surrounding,  and  eventually  replacing,  the 
decadent  embryonic  veins,  but  in  no  sense  genetically  derived 
from  the  latter. 

In  other  words,  and  in  order  again  to  reiterate  emphatically 
the  conception  of  mammalian  systemic  lymphatic  development 
which  I  have  consistently  upheld  since  my  first  expression  of 
opinion  on  the  subject,  I  desire  to  repeat  my  conviction  that  all 
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systemic  lymphatic  vessels  of  the  mammalian  embryo,  including 
the  thoracic  and  right  lymphatic  ducts  and  their  tributaries,  are 
neither  in  their  genesis  continuous  centrifugal  ''buds"  or  ''sprouts" 
from  sacs  of  venous  origin,  wherever  situated,  nor  "multiple  out- 
growths" or  "veno-lymphatic  anlages,"  derived  from  embryonic 
veins,  such  "outgrowths"  separating  subsequently  from  the  veins, 
and  then  fusing  into  continuous  and  connected  lymphatic  channels. 
The  systemic  lymphatic  vessels  of  the  mammalian  embryo,  as  dis- 
tinguished from  the  jugular,  or  reno-caval  lymph-sacs,  or  from  any 
other  adult  lytnphatico-venous  junctions  of  equivalent  value,  are, 
on  the  contrary,  in  my  estimation,  from  their  first  ontogenetic 
inception,  structurally  and  genetically  independent  of  the  haemal 
vascvlar  system.  Their  endothelial  lining  is  not  derived  from  the 
pre-existing  embryonic  blood  vascular  endothelium.  The  multiple 
independent  perivenous  spaces  forming  the  anlages  of  the  future 
systemic  Ijrmphatic  channels  join  to  form  progressively  increasing 
links  of  longer  channel  segments,  destined  in  the  normal  course 
of  development,  to  become  united  into  a  continuous  lymphatic 
vascular  system.  This  lymphatic  system  finally  attains,  in  the 
average  and  tjrpical  mammalian  forms,  one  or  more  permanent 
connections  with  the  definite  venous  system  through  the  portals 
furnished  by  the  rudimentary  lymphatico- venous  hearts  or  lymph 
sacs.  The  most  prevalent  mammaUan  type  of  this  secondarily 
acquired  lymphatico-venous  connection  is  furnished  by  the  jugular 
lymph  sacs,  as  outlined  in  the  publications  already  quoted.  While 
this  form  of  lymphatico-venous  junction  in  the  adult  is  by  far 
the  most  prevalent  tjrpe  encountered  in  the  mammalian  series,* 
there  is  no  reason  why,  in  certain  mammalian  groups,  other  points 
of  veno-lymphatic  communication,  inherited,  in  these  specialized 
types  phylogenetically  by  selection  from  the  available  line  of 
multiple  pre-mammalian  lymphatico-venous  hearts,  should  not 
be  carried  into  the  adult  organization  as  permanent  portals  of 
entry  of  the  lymphatic  into  the  venous  system.^    The  post-caval 

•  C.  F.  W.  McClure  and  C.  F.  Silvester.  A  comparative  study  of  the  lymphatico- 
venous  communications  in  adult  mammals.  Anat.  Rec,  vol.  3,  pp.  634-551, 
1909. 

^  G.  S.  Huntington.  The  phylogenetic  relations  of  the  lymphatic  and  blood- 
vascular  systems  in  vertebrates.    Anat.  Rec,  vol.  4,  no.  1,  January,  1910. 
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and  reno-caval  lymphatico-venous  connections  recently  demon- 
strated by  C.  F.  Silvester*  of  Princeton  University  as  uniformly 
found  in  the  entire  group  of  South  American  primates,  and  the 
intermediate  correlated  conditions  found  by  myself  in  Macropus 
rufus,  are  readily  and  correctly  interpreted  on  this  basis. 

The  present  communication  is  intended  as  an  outline  of  the 
development  of  the  mammalian  systemic  lymphatic  vessels,  in 
order  to  demonstrate  what  I  believe  to  be  the  uniform,  constant 
and  consistent  ontogenetic  principle  underljring  their  formation. 

I  have  been  impressed  by  the  fact  that  the  histological  pictxires 
furnished  by  ungulate,  rodent  and  marsupial  embryos  are,  in 
reference  to  the  development  of  the  systemic  lymphatic  channels, 
relatively  obscure  and  indefinite,  when  compared  with  the  clear- 
cut  and  well-defined  conditions  encoimtered  uniformly  in  the 
aeliu'oid  carnivore.  In  describing,  therefore,  in  this  preliminary 
account  the  genetic  principle  which  I  believe  governs  the  develop- 
ment of  all  mammalian  systemic  lymphatic  channels,  as  distin- 
guished from  the  lymph  hearts  of  venous  origin,  I  have  confined 
my  illustrations  to  the  embiybs  of  the  cat,  and  have  selected  cer- 
tain portions  of  the  thoracic  ducts  of  this  animal  in  the  critical 
stages,  as  concrete  examples  of  the  developmental  processes 
occurring  in  all  other  regions  of  the  embryo,  as  will  be  fully  demon- 
strated in  the  complete  publications  to  follow.  With  the  ontogene- 
sis of  the  systemic  lymphatic  channels  definitely  established 
in  this  form,  it  is  not  diflScuIt  to  determine,  by  comparison,  the 
presence  of  corresponding  typical  developmental  conditions  in 
embryos  of  the  pig,  rat  and  oppossum.  But  in  none  of  these 
latter  forms  are  the  typical  genetic  stages  as  clearly  marked,  and 
the  tissues  as  definitely  differentiated  as  in  the  cat. 

The  right  and  left  thoracic  ducts  develop  in  cat  embryos  of 
between  11  mm.  and  16  mm.  crown-rump  measure.    Prior  to  the 

II  mm.  stage  no  anlages  of  any  portions  of  the  future  ducts  are 
observable.  In  the  average  16  mm.  embryo  the  separate  anlages 
have  usually  united  into  continuous  lymphatic  channels,  which 


•  Twenty-fifth  Session  of  the  Association  of  American  Anatomists,  Boston, 
December  28,  29  and  30,  1909. 
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are  connected  through  the  jugular  lymph  sacs  with  the  sy^temic 
veins. 

I  believe  that  the  adult  thoracic  ducts  of  the  cat  are  developed 
by  fusion  of  three  distinct  and  separate  regional  segments.  Each 
of  these  segments  is  in  turn  formed  by  confluence  of  a  nimiber  of 
originally  discrete  anlages,  which  develop  independently  of  the 
venous  system  as  extra-intimal  or  perivenous  mesenchymal  spaces 
in  the  sense  previously  defined  (2, 5).  These  spaces  are  applied 
to,  or  surroimd,  the  walls  of  the  embi^onic  veins  of  the  lower 
cervical  and  mediastinal  region.  The  three  main  divisions,  thus 
formed  independently  of  the  venous  system,  unite  with  each  other 
to  form  the  channels  of  the  left  and  right  thoracic  ducts,  and  these 
channels  gain  their  point  of  entrance  into  the  systemic  veins 
by  uniting  with  a  process  of  the  jugular  lymph  sacs  (thoracic  dv^t 
approach)  derived  from  their  dorsal  aspect,  just  cephalad  to  the 
common  jugular  approach. 

The  ontogenetic  history  of  the  ducts  may  therefore  be  con- 
sidered under  four  headings,  viz.: 

1.  The  '^Thoracic  duct  approach^'  of  the  jugular  lymph  sac, 
forming  the  terminal  of  the  adult  duct  on  each  side. 

2.  The  pre-azygos  segment. 

This  includes  two  distinct  and  separate  channels: 

(a)  The  ventral  mediastinal  or  broncho-mediastinal  lymphatic 
trunk  J  which  drains  the  ventral  mediastinum,  viz.,*  the  pericardial, 
tracheal,  bronchial,  lateral  oesophageal  and  thymic  areas. 

This  lymphatic  channel,  associated  with  the  pulmonary  arteries, 
develops  through  confluence  of  a  large  number  of  separate  and 
independent  extra-intimal  lymphatic  spaces  following  and  sur- 
roimding  the  embryonic  venous  plexuses  of  the  ventral  medias- 
tinum. The  chain  formed  by  these  spaces  eventually  unites, 
directly  or  indirectly,  with  the  similar  chain  forming  the  anlage 
of  the  pre-azygoS  segment  of  the  thoracic  duct. 

(b)  The  pre-azygos  segment  of  the  thoracic  duct  includes  the 
portion  of  the  main  channel  from  the  point  of  its  entrance  into 
the  jugular  lymph  sac,  through  the  thoracic  duct  approach  of  the 
latter,  caudad  to  its  intersection  with  the  dorsal  surface  of  the 
aortic  arch. 
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In  the  adult  aoimai  this  segment  f onns  the  relatively  long  por- 
tion which  ascends  cephalo-sinistrad  from  the  point  where  the 
duct  par  «  company  with  the  right  azygos  vein,  under  cover  of  the 
aortic  arch,  and  the  vertical  portion  of  the  left  subclavian  artery, 
dorsal  to  the  vertebral  vein  and  to  the  left  innominate  conjfluence, 
to  its  junction  with  the  jugular  Ijrmph  sac.  In  this  part  of  its 
course  the  thoracic  duct  receives  the  Ijonphatic  return  from  the 
ventral  mediastiniun  through  channels  which  join  it  to  the  ventral 
mediastinal  trunk  as  just  defined.  The  pre-azygos  segment  of 
the  main  duct  is  again  formed  in  the  embryo  by  confluence  of 
independent  mesenchymal  spaces  around  and  along  the  preverte- 
bral and  dorsal  mediastinal  venous  plexuses  of  the  embryo. 

3.  The  azygos  segment  comprises  the  portions  of  the  thoracic 
ducts  caudal  to  the  level  of  the  aortic  arch.  It  develops,  again 
independently,  as  the  result  of  fusion  of  a  niunber  of  extra-intimal* 
mesenchymal  spaces  closely  applied  to  the  ventral  surface  of  the 
azygos  veins,  and  of  their  ventro-medial  tributaries,  or  surround- 
ing the  latter. 

4.  The  post-azygos  segment,  through  which  the  thoracic 
ducts  establish  their  connection  with  the  Receptaculiun  and 
the  system  of  the  abdominal  lymphatics. 

The  piupose  of  the  present  paper  is  to  employ  the  facts  ascer- 
tained in  regard  to  the  development  of  the  two  thoracic  ducts  as 
a  concrete  illustration  of  the  genetic  principles  underlying  the 
formation  of  all  systemic  lymphatic  organization. 

For  this  piupose  the  right  and  left  ducts  will  be  regarded  as 
bilateral  equivalents,  as  they  actually  are  in  certain  stages.  As 
a  matter  of  fact  the  right  channel  in  the  main  azygos  region  is 
the  first  portion  to  differentiate  clearly  and  offers  the  best  illus- 
tration of  lymphatic  histogenesis  in  the  earlier  and  critical  stages. 

Inasmuch  as  the  development  of  the  post-azygos  segment  of 
both  ducts  is  intimately  connected  with  that  of  *the  principal  ab- 
dominal lymphatic  channels,  and  hence  requires  for  its  elucida- 
tion a  detailed  consideration  of  these  structures,  I  will  confine 
my  illustrations  in  the  present  paper  to  the  development  of  the 
two  main  anterior  segments,  viz.,  the  pre-azygos  and  the  azygos 
portions  of  the  entire  duct,  with  the  distinct  understanding  that 
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identical  ontogenetic  processes  are  responsible  for  thedevelopment 
not  only  of  the  post-azygos  segments  of  the  ducts  and  the  mesen- 
teric lymph  sacs,  but  for  all  other  syBtemic  lymphatic  channels 
of  the  entire  body. 

I.    PRE-AZYGOS  SEGMENT  OF  THE  THORACIC  DUCT 
A.  Ventral  or  hroncho-medidstinal  trunk 

The  area  in  which  this  lymphatic  channel  develops,  is  shown 
topographically  in  fig.  1,  a  transverse  section  of  the  upper  thoracic 
region  in  a  12  mm.  embryo  (series  78,  shde  5,  section  9.)  The  lym- 
phatic anlages  arise  in  the  mesenchyme  between  the  pulmonary 
arteries  (10)  ventrally,  the  coelom  laterally,  the  precardinal  veins 
(3,  6),  vagi  (22),  trachea  (9)  and  aorta  (7)  dorsally.  This  area 
is  indicated  by  the  x  in  fig.  1. 

In  the  earlier  stages  (embryos  between  11mm.  and  14  mm.) 
an  extensive  ventro-medial  capillary  network  obtains  along  and 
between  the  main  venous  lines  of  the  right  and  left  sides,  involving 
the  caudal  part  of  the  internal  jugular,  the  common  jugular  and 
innominate  veins. 

Now,  if  the  ventral  portion  of  this  venous  plexus  i^  followed 
caudad  into  the  upper  thoracic  region,  the  following  observations 
can  be  made  in  stages  of  the  proper  length,  and  adecjuately  fixed 
and  stained: 

(1)  In  embryos  between  1 1  and  12  mm.  only  venous  capillaries 
are  found,  in  the  majority  of  cases. 

(2)  In  13  mm.  embryos  certain  of  the  venous  radicles  entering 
into  this  plexus  are  partly  surrounded  and  enveloped  by  inde- 
pendently developed  extra-intimal  lymphatic  spaces,  the  first 
anlages  of  the  future  ventral  mediastinal  lymphatic  channel. 

Fig.  2  shows  a  section  of  this  region  in  a  13  mm.  embryo  (series 
107,  slide  9,  section  40). 

Between  left  pulmonary  artery  (10)  and  aorta  (7)  are  branches 
of  the  ventral  mediastinal  plexus.  One  of  these  (4)  is  partially 
surrounded  by  a  lymphatic  anlage  (5),  but  the  process  of  replace- 
ment is  in  its  earliest  phases. 
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(3)  In  the  13.5  mm.  embryo  the  full  and  convincing  proof  of 
the  extra-intimal  derivation  of  this  channel  is  given. 

Fig.  3  shows  a  transverse  section  of  the  upper  thoracic  region 
of  a  13.5  mm.  embryo  (series  189,  slide  8,  section  36) .  Just  ventro- 
mesad  of  the  left  vagus  nerve  and  its  encircling  vein  is  a  venous 
radicle  (4)  almost  completely  surrounded  by  an  extra-intimal  lym- 
phatic space  (5)  in  the  process  of  replacing  the  atrophying  vein 
with  which  it  is  so  closely  associated.  The  corresponding  structures 
are  seen  on  the  right  side  (4,  5). 

Fig.  3A  shows  the  extra-intimal  lymphatic  space  and  the  con- 
tained vein  on  the  left  side  of  this  section  in  a  higher  magni- 
fication (X  300).  It  will  be  seen  that  the  lymphatic  space 
nearly  envelops  the  venule.  The  latter,  if  followed  cephalad  and 
caudad,  is  found  separated  from  the  functional  venous  channels. 
It  appears  collapsed  and  shrunken,  and  contains  only  a  few  degen- 
erating erythrocytes.  We  are  deahng  here  with  a  further  advance 
in  the  conditions  found  in  the  immediately  preceding  13  mm. 
stage.  (Fig.  2,  series  107,  slide  9,  section  40).  The  venous  core 
of  the  earlier  lymphatic  anlage  is  in  process  of  further  recession 
and  degeneration,  as  the  perivenous  lymphatic  space  enlarges 
and  more  and  more  completely  replaces  the  antecedent  venous 
channel  upon  and  around  which  it  develops.  On  the  right  side  of 
fig.  3  (series  189,  slide  8,  section  36),  the  section  has  cut  the  cor- 
responding vein  and  the  enveloping  extra-intimal  space  at  right 
angles, so  that  the  central  kernel  of  the  shrinking  vein  (4), still  con- 
taining a  few  red  blood  cells,  is  nearly  surrounded  by  the  replacing 
extra-intimal  lymphatic  (5) .  The  vein,  or  rather  its  remnant,  bears 
a  relation  to  the  perivenous  replacing  lymphatic  which  is  exactly 
the  same  as  that  of  a  collapsed  inner  tube  to  the  enveloping  shoe 
of  a  pneumatic  tire.  The  inner  skin  of  the  shoe  and  the  rim  of  the 
wheel  represent  the  lymphatic  intimal  endothelium.  The  space 
between  them  and  the  collapsed  inner  tube  is  the  lumen  of  the 
future  ventral  mediastinal  lymphatic  channel.  The  inner  tube  itself 
is  the  embryonic  vein  upon  which  the  secondary  lymphatic  channel 
is  built.  In  the  course  of  further  development  it  disintegrates 
and  disappears,  leaving  a  clear  lumen  to  the  lymphatic  channel 
which  thus  secondarily  replaces  it.  " 

Usually  the  replacing  lymphatic  begins  as  an  extra-intimal  chan- 
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nel  partially  surrounding  the  embryonic  vein  which  it  is  destined 
to  replace.  This  leads  in  the  course  of  further  development  to  an 
expansion  of  the  lymphatic  space  not  concentric  with  the  axial 
line  of  the  shrinking  vein.  The  remnant  of  the  vein  retires  to  a 
point  on  the  intimal  circiunference  of  the  new  lymphatic  channel 
and  appears  to  project  into  the  latter. 

The  resulting  histological  pictures  are  hence  in  many  cases 
quite  analogous  to  the  appearance  of  a  mesonephric  glomerulus 
in  its  relation  to  the  lumen  of  a  WolflSan  tubule.  Of  course,  as  in 
the  case  of  this  illustration,  a  section,  for  example,  in  the  axis  of  the 
line  A-B  will  divide  the  shrinking  vein  and  the  enveloping  Ijmi- 
phatic  in  such  a  way  as  to  produce  the  following  picture: 


This,  however,  is  exceptional. 

This  is  not  a  haphazard  process,  observed  only  occasionally, 
in  a  limited  number  of  embryos,  and  then  only  in  single  sections, 
or,  at  most,  in  a  few  successive  sections.  In  any  average  embryo 
of  the  proper  length  the  same  structures  appear  in  the  same  situa- 
tion and  in  identical  relationship  to  the  embryonic  environment. 
It  is  often  possible  to  follow  the  forming  lymphatic  with  its 
atrophied  vein  kernel  for  long  distances,  and  in  different  embryos 
of  the  same  crown  rump  measure  the  constant  repetition  of 
identical  histological  pictures  is  remarkable. 
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There  are,  of  course,  individual  cases  of  variation,  in  which 
systemic  lymphatic  development  is  either  more  advanced  or  more 
retarded  than  is  normal  for  the  average  run  of  embryos  in  a  given 
stage.  But  if  a  very  large  number  of  embryos  of  each  typical 
period  are  exammed  and  compared  the  average  stage  of  extra- 
intimal  lymphatic  development  attained  by  the  majority  of  indi- 
viduals in  each  period  is  remarkably  constant  and  uniform.  I 
shall  have  occasion,  in  the  complete  publication,  to  refer  again  in 
detail  to  the  question  of  chronological  embryonic  variation. 

The  existence  of  the  perivenous  lymphatic  spaces  in  this  and 
other  regions  of  the  embryo  has  been  so  often  denied  by  recent 
contributors  to  the  subject,  or,  if  admitted,  explained  in  every 
possible  way  except  on  the  basis  of  the  correct  interpretation, 
that  I  publish  in  this  paper  a  series  of  micro-photographs  of  five 
successive  sections  through  the  pretracheal  mediastinal  regionof 
a  13.5  cat  embryo  (series  189,  slide  8,  sections  36  to  40)  (figs.  3 
to  7). 

Fig.  3,  above  described,  shows  the  general  topographical  area 
involved.    Figs.  4  to  7  are  cut  down  to  economize  space. 

In  all  five  figures  the  atrophying  vein  kernel  (4)  and  the  replac- 
ing lymphatic  anlage  surrounding  the  same  (5)  have  been  cut 
obliquely  on  the  left  side  of  the  embryo,  and  hence  give  longer 
stretches  of  the  structiu^s  (4  and  5)  involved.  On  the  right  side 
the  plane  of  section  is  more  at  right  angles  to  both  the  venous 
core  and  the  enveloping  lymphatic  space  in  the  first  four  figures. 
In  fig.  7  the  lymphatic  space  of  the  right  side  terminates  in  charac- 
teristic fashion  blindly  and  the  atrophied  vein  merges  impercepti- 
bly into  the  surrounding  mesenchyme.  The  remnants  of  j>ar- 
tially  degenerated  eiythrocytes  in  the  Imnen  of  the  atrophied 
venous  core  are  especially  clearly  seen  in  all  the  sections  on  the 
left  side. 

Of  course  the  photographs,  and  especially  the  reduced  repro- 
ductions, offer  far  less  striking  histological  pictures  than  the 
stained  and  differentiated  slide,  although  they  sufficiently  well 
demonstrate  the  actual  conditions. 

In  the  illustrations  only  a  few  of  the  more  marked  areas  of 
lymphatic  replacement  of  decadent  venules  are  indicated  by  the 
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leaders  5  and  4  respectively.  Numerous  other  smaller  areas  of 
identical  significance  are  seen  on  close  examination  in  adjacent 
parts  of  the  field. 

In  the  succeeding  14  mm.  stage  the  ontogenetic  process  just 
outlined  is,  in  the  average  embryo  of  this  measure,  fully  developed. 

Fig.  8  shows  a  section  of  a  14  mm.  embryo  in  this  region  (series 
214,  slide  13,  section  13).  Comparison  with  fig.  3  will  show  the 
existence  of  the  identical  relations  between  the  same  decadent 
vein  and  the  replacing  extra-intimal  lymphatic  on  both  right  and 
left  sides.  The  embryos  are  cut  approximately  in  the  same  plane 
and  hence  the  resulting  pictures  are  almost  identical. 

Figs.  9,  10,  11,  and  12  show  corresponding  sections  of  the  same 
embryo  further  caudad. 

In  fig.  9  three  areas  are  indicated  by  leaders  in  which  the  atro- 
phied vein  (4)  is  in  relation  with  the  enveloping  and  replacing 
extra-intimal  lymphatic  anlage  (5) .  In  the  succeeding  section  (fig. 
10)  the  two  dorsal  areas  have  practically  become  confluent,  and 
the  tortuous  and  collapsed  endothelial  bag  representing  the  rem- 
nant of  the  decadent  venule  (4)  can  be  followed  for  some  distance. 
The  ventral  area  in  fig.  9  offers  only  an  indistinct  central  venous 
core  (4),  surrounded  by  the  lymphatic  anlage  (5).  In  the  suc- 
ceeding section  (fig.  10),  however,  the  unmistakable  relationship 
and  significance  of  the  two  spaces  is  clearly  revealed. 

The  two  successive  sections  of  the  same  slide  of  this  embryo, 
shown  in  figs.  11  and  12,  give  remarkably  distinct  histological 
pictures  of  lymphatic  ontogenesis,  and  also  show  the  gradual 
increase  in  the  area  of  the  lymphatic  perivenous  compartment  as 
compared  with  the  contained  venous  remnant.  In  both  sections 
a  few  red  blood  cells  are  still  to  be  noticed  within  the  lumen  of  the 
latter. 

Finally,  in  another  14  mm.  embryo  (figs.  13  and  14,  series  212, 
slide  10,  sections  5  and  6)  conditions  identical  with  the  preceding 
are  well  shown  on  both  sides  of  two  successive  sections.  The  same 
decadent  venules  (4)  and  the  associated  enveloping  perivenous 
lymphatic  anlages  (5)  are  fotmd  in  the  typical  situation  between 
trachea,  aorta  and  vagi  dorsad  and  the  pulmonary  arteries  ven- 
trad. 
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Fig.  14  likewise  oflfers  the  explanation  of  the  fact  that  the  aver- 
age 14  or  14.5  nun.  embryo  affords  the  clearest  and  most  distinct 
pictures  of  systemic  lymphatic  ontogenesis.  In  these  stages  the 
decadent  vein  (4),  detached  from  the  functional  venous  channels, 
is  still  relatively  large,  while  the  perivenous  lymphatic  space  (5) 
has  also  markedly  increased  in  size  as  compared  with  the  13  mm. 
stage.  The  two  structures,  taken  together,  form  therefore  striking 
histological  objects  in  the  field.  Subsequently,  with  the  further 
degeneration  and  final  complete  elimination  of  the  venous  kernel, 
and  the  condensation  of  the  perivenous  lymphatic  space  into  a  defi- 
nite lymphatic  channel,  the  lumen  of  the  latter  appears  relatively 
smaller.  Thus  in  two  successive  sections  of  a  15  mm.  embryo 
(series  216,  slide  10,  sections  32  and  33,  figs.  15  and  16)  the  identical 
lymphatic  anlage  (5  in  figs.  15  and  16)  can  readily  be  traced,  but 
appears  now  as  a  wide  channel  with  clear  lumen.  The  central 
venous  core,  so  prominent  in  the  earlier  stages  (13,  13.5  and  14 
mm.)  has  either  disappeared  entirely,  or  is  merely  indicated  by 
insignificant  remnants  (4).  The  same  conditions,  with  further 
condensation  of  the  mesenchyme,  and  consequent  further  reduc- 
tion of  the  lymphatic  lumen,  are  encountered  in  the  15.5  and  16 
mm.  stages  (fig.  17,  series  215,  slide  14,  section  13,  15.5  mm.  and 
fig.  18,  series  230,  slide  12,  section  25,  16  mm.) 

No  impartial  observer  can  mistake  the  significance  of  the  con- 
ditions here  shown.  Every  stage  of  the  process  can  be  followed 
in  detail.  The  behavior  of  the  decadent  embryonic  vein,  and  its 
relation  to  the  enveloping  extra-intimal  lymphatic  channel,  are 
absolutely  demonstrated.  The  endothelium  of  the  shrinking 
vein  has  no  share  in  furnishing  the  independent  lymphatic 
endothelium  of  the  replacing  mesenchymal  space,  and  nowhere, 
in  the  entire  process,  is  there  the  faintest  suggestion  of  an  ''out- 
bud''  or  of  a  ''splitting  oflf ''  from  the  circimiference  of  an  other- 
wise valid  embryonic  vein  of  "lymphatic"  or  "veno-lymphatic" 
anlages. 

The  conditions  here  described  are  definite  ontogenetic /acte 
remarkably  constant  in  every  embryo  of  the  proper  age.  They 
cannot  be  disregarded  in  promulgating  theories  of  mammalian 
lymphatic  development.     The  only  conclusion  which  seems  to 
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me  to  be  warranted  by  actual  observation  is  that  certain  embry- 
onic veins  form,  during  the  process  of  their  atrophy  and  final  elim- 
ination from  the  definite  venous  organization,  the  supporting  lines 
along  which  certain  of  the  perivenous  extra-intimal  lymphatic 
anlages  first  develop.  The  initial  development  of  lymphatic 
spaces,  is,  however,  by  no  means  confined  to  the  immediate  envir- 
onment of  a  degenerating  embryonic  vein.  The  same  field  which 
demonstrates  the  histogenetic  processes  above  described  in  the 
development  of  the  extra-intimal  Ijonphatic  spaces  surrounding 
a  decadent  vein  will,  at  the  same  time,  show  niunerous  equivalent 
lymphatic  spaces  developing  independently  of  antecedent  veins 
as  enlarging  intercellular  mesenchymal  clefts. 

These  early  lymphatic  anlages,  formed  independently  of  ante- 
cedent embryonic  venous  capillaries,  are  smaller  and  offer  less 
striking  pictures,  than  those  which  develop  in  association  with  an 
atrophying  vein,  and  which  hence  reach  a  greater  size  at  a  rela- 
tively early  period.  They  are  more  difficult  to  differentiate,  but 
their  existence  can  on  close  examination  be  absolutely  determined, 
and  their  connection  with  the  larger  perivenous  lymphatic  spaces 
can  be  established. 

The  fact  that  numerous  early  embryonic  venous  channels,  large 
and  small,  atrophy  and  disappear  during  the  normal  course  of 
subsequent  development,  appears  to  afford  a  more  favorable 
field  for  the  greater  development  of  the  adjacent  mesenchymal 
intercellular  spaces,  so  that  these  enlarge  more  rapidly,  as  the 
correlated  vein  recedes.  This  relationship  appears,  however,  to 
be  based  exclusively  on  the  physical  and  mechanical  advantages 
which  the  abandoned  and  shrinking  primary  venous  line  affords 
to  the  adjacent  mesenchymal  spaces  for  more  rapid  enlargement 
in  the  sense  of  replacing  the  disappearing  vein  and  occupying 
secondarily  the  space  formerly  filled  by  the  haemal  channel. 
This  is  evidently  an  important  factor  in  determining  the  size 
and  extent  of  the  final  lymphatic  channel  reciting  from  the  con- 
fluence of  the  originally  separate  and  independent  perivenous 
anlages.  Consequently,  in  the  adult,  the  largest  and  best  defined 
systemic  lymphatic  vessels  either  accompany  reduced  adult  rem- 
nants of  a  relatively  larger  embrj'onic  venous  channel,  or,  in  case 
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of  the  latter's  entire  default,  topographically  replace  the  same. 
Now,  while  this  relation  manifests  itself  strikingly  in  many  parts 
of  the  body,  it  is  quite  evident  that  the  development  of  lym- 
phatic channels  occurs  in  other  parts  independently  of  preceding 
veins,  by  the  confluence  of  independent  intercellular  mesenchymal 
spaces. 

In  judging  regarding  the  genetic  principles  underlying  mamma- 
lian systemic  lymphatic  development  it  is  absolutely  necessary 
clearly  and  correctly  to  value  the  relations  above  detailed  between 
degenerating  early  embryonic  venous  channels  and  the  systemic 
lymphatic  anlages  developed  in  association  with  them  and  des- 
tined to  eventually  replace  them  more  or  less  completely  topo- 
graphically. I  can  readily  see  why  certain  recent  contributions 
to  the  subject  assume  that  the  well  defined  lymphatic  channels 
of  a  later  stage  are  the  direct  derivatives  of  the  equally  well 
defined  venous  plexuses  of  earlier  embryos,  since  they  cover  each 
other  mutually  absolutely  in  the  topographical  sense.  Such  an 
assumption  is,  however,  in  my  opinion,  faulty,  because  it  is  based 
on  insuflBcient  or  inaccurate  observation,  and  fails  in  correctly 
interpreting  the  genetic  factors  responsible  for  the  topographical 
replacement  of  an  earlier  vein  by  a  later  lymphatic  channel. 

Again,  a  careful  consideration  of  the  facts  above  detailed,  must 
inevitably  lead  to  the  conviction  that  the  real  developmental 
processes  active  in  systemic  lymphatic  ontogenesis  can  never  be 
determined  by  injection  of  embryos  however  successful.  A  glance 
at  the  preceding  illustrations  will  show  that  a  successful  injection 
of  the  embryonic  venous  system  might  very  well,  before  complete 
detachment  has  occurred,  fill  from  the  permanent  haemal  channels 
the  still  large  and  patent  portions  of  the  venous  plexus  already 
for  the  most  part  surrounded  by  the  extra-intimal  lymphatic 
anlages.  Such  a  preparation  would  lead  the  observer  to  conclude 
that  the  line  of  the  future  lymphatic  channels  was  still  altogether 
venous.  He  would  have  no  means  of  determining  the  co-existing 
true  lymphatic  anlages,  nor  could  these  be  demonstrated  by  a 
simultaneous  lymphatic  injection,  because,  at  this  period,  they 
are  isolated  segments  of  the  future  lymphatic  chain,  not  yet  in 
communication  with  each  other,  or  with  the  veins  through  the  jugu- 
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lar  lymph  sacs,  or  with  any  other  channel  system,  from  which 
they  could  be  filled.  Subsequently,  when  the  continuity  of  the 
systemic  lymphatic  vessels  has  been  established,  and  can  be  dem- 
onstrated by  injection,  the  site  of  the  former  venous  plexus  is 
occupied  by  lymphatics,  but  the  conclusion  that  these  are  the 
former  veins,  directly  transformed  into  lymphatics,  is  just  as 
aroneous,  as  the  same  conclusion  based  on  the  examination  of 
serial  sections  in  different  stages,  in  which  the  topographical  re- 
placement of  the  earlier  vein  by  the  later  lymphatic  is  taken  as 
the  only  criterion,  and  as  affording  proof  of  their  genetic  identity. 

In  view  of  the  facts  ai)solutely  established  by  direct  and  re- 
peated uniform  observation  in  embryos  of  Felis  domestica,  it 
seems  to  me  that  it  is  worth  while  to  examine  the  available  evi- 
dence here  offered  in  this  form  carefully  and  impartially,  rather 
than  torture  an  interpretation  into  mammalian  lymphatic  onto- 
genesis which  is  not  supported  by  the  actual  conditions  found  in 
embryos  of  this  specific  mammalian  type. 

The  cat  may  differ  in  its  details  of  lymphatic  development  and 
in  its  adult  lymphatic  organization  from  the  conditions  obtaining 
in  certain  other  mammalian  types,  as  yet  imperfectly  determined. 
And  yet  these  differences,  established  and  maintained  within 
the  natural  limits  of  the  mammalian  class,  cannot,  if  they  actually 
exist,  be  basic.  In  any  given  individual  mammalian  form,  the 
systemic  lymphatic  vessels,  whatever  their  adult  relation  to  and 
connection  with  the  venous  system  may  be,  must  develop  in 
accordance  with  a  genetic  ground  plan  common  to  all  mammalia. 

B.  The  development  of  the  proximal  portion  of  the  thoracic 
duct  proper  J  between  the  termination  of  the  thoracic 
duct  approach  of  the  jugular  lymph  sac,  and  the  begin- 
ning of  the  azygos  segment  of  the  thoracic  ducts,  caudal  to 
the  level  of  the  aortic  arch. 

In  the  earlier  purely  venous  stages  a  venous  plexus  between 
oesophagus  and  vertebral  column  drains  caudo-laterad  into 
the  mesal  surface  of  the  main  jugular  and  innominate  trunks. 
This  plexus  continues  the  supra  cardinal  line  cephalad  beyond  the 
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level  of  tl^e  azygos-Cuvierian  junction.  The  terminals  of  this 
plexus  are  frequently  joined  by  dorsal  somatic  venous  tributaries 
near  their  entrance  into  the  main  vein. 

Some  of  the  elements  of  this  eariy  embryonic  prevertebral 
venous  plexus  are  secondarily  replaced  by  perivenous  or  extra- 
intimal  lymphatic  spaces  in  exactly  the  same  way  as  in  the  devel- 
opment of  the  ventral  mediastinal  duct.  The  resulting,  originally 
separate,  extra-mtimal  lymphatic  anlages,  having  replaced  the 
venule  along  and  around  which  they  developed,  imite  with  each 
other  and  form  the  pre-azygos  segment  of  the  thoracic  duct, 
between  the  thoracic  duct  approach  of  the  jugular  lymph  sac 
and  the  level  of  the  aortic  arch,  at  which  the  azygos  portion  of 
the  thoracic  ducts  begins. 

The  general  area  in  which  this  development  proceeds,  is  indi- 
cated in  the  topographical  fig.  1,  by  the  letter  F. 

The  embryonic  stages  between  13.5  and  15.5  nun.  furnish  abun- 
dant evidence  of  this  genetic  process.  Figs.  19  and  20  show  two 
sections  of  a  14  nmi.  embryo  (series  210,  slide  9,  sections  23  and 
26)  in  the  prevertebral  area  of  the  upper  thoracic  region.  The 
anlage  of  the  pre-azygos  segment  of  the  thoracic  duct  (5)  is  seen  on 
the  left  side  of  the  interval  between  oesophagus  and  the  preverte- 
bral plexus  (17)  and  sympathetic  nerve  (1).  The  sections  show 
the  identical  characters  previously  noted  in  the  development  of 
the  broncho-mediastinal  trunk,  but  both  the  decadent  central 
venous  core  of  the  anlage  (4)  and  the  perivenous  lymphatic  space 
(5)  are  larger  and  better  developed. 

These  pictures  are  again  constant  in  embryos  of  the  appropriate 
stages.  The  lymphatic  anlage  can  be  accurately  traced  from  its 
indefinite  beginning  among  the  perivenous  mesenchymal  inter- 
cellular clefts  through  a  number  of  successive  sections  to  its  similar 
distal  termination  in  the  same  intercellular  plexus.  Following 
the  sections  from  this  point  caudad  through  a  varying  intervening 
area  in  which  no  distinct  lymphatic  channel  appears,  the  same 
line  will  sooner  or  later  reveal  the  repetition  of  the  same  process, 
and  the  formation  of  another  link  in  the  still  disjointed  chain  of 
primitive  lymphatic  anlages,  eventually  destined  to  unite  into 
the  continuous-channel  of  the  pre-azygos  segment  of  the  thoracic 
duct. 
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II.    THE  AZYGOS  SEGMENT  OF  THE  THORACIC  DUCT 

This  main  part  of  the  thoracic  duct  develops  by  the  confluence 
of  the  extra-intimal  lymphatic  anlages,  which  begin  to  appear 
in  the  12;5  mm.  embryo,  are  clearly  marked  in  the  13  and  13.5 
mm.  embryo,  increase  in  the  14  nmi.  stage,  become  confluent 
to  form  longer  segments  in  the  16  and  15.5  mm.  embryos,  and 
finally  unite  into  the  bilateral  and  continuous  channels  of  the  tho- 
racic ducts  in  the  average  16  mm.  embryo,  although  instances  are 
not  rare  in  which  the  complete  continuity  of  the  thoracic  ducts 
is  not  attained  until  a  later  stage.  These  extra-intimal  lymphatic 
anlages  develop  in  close  association  with  the  ventral  aspect  of 
the  azygos  veins  and  their  ventral  branches,  but  are  from  the  begin- 
ning genetically  distinct  and  independent  of  the  same. 

In  the  earlier  and  purely  venous  stages,  the  azygos  veins  receive, 
in  addition  to  the  terminals  of  the  supracardinal  plexus,  larger 
dorsal  somatic  tributaries  from  the  body  walls  and  from  the  inte- 
rior of  the  vertebral  canal,  and  smaller  ventromedial  branches 
which  drain  the  periaortic  space  close  to  the  wall  of  the  main 
arterial  vessel .  When  these  ventral  azygos  tributaries  appear  they 
occupy  in  general  the  position  described  by  McClure  as  charac- 
teristic for  the  cardinal  collateral  plexus  of  the  Marsupalia.* 

The  ventro-medial  azygos  tributary  plexus  is  found  in  the 
purely  venous  condition,  before  any  perivenous  lymphatic  devel- 
opment associated  with  it  has  begun  in  this  region,  in  embryos 
of  11  and  12  mm.  (Fig.  21,  series  213,  slide  11,  section  29, 11  mm  ; 
fig.  22,  series  217,  slide  11,  section  27,  12  mm.).  The  plexus  occu- 
pies the  area  ventral  to  the  intersegmental  aortic  branches  and 
the  sympathetic  nerves,  between  the  aorta  and  the  main  azygos 
trunks. 

Later,  in  13.5  to  14  mm.  embryos,  portions  of  this  early  plexus 
appear  detached  in  certain  areas  of  the  sub-azygos  region  from  the 
main  venous  trunks.  In  many  cases  the  line  of  the  obliterated 
connection  can  still  be  traced  for  a  time  as  a  strand  of  differentiated 
mesoderm,  and  the  separated  elements  of  the  azygos  plexus  still 

•  C.  F.  W.  McClure.    The  anatomy  and  development  of  the  post-cava  in  Didel- 
phis  marsupialis.    Am.  Jour.  Anat.,  vol.  5,  1906. 
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contain  frequently  red  blood  cells  in  the  earlier  stages.  The  lym- 
phatic anlages  of  the  thoracic  ducts  form  along  and  around  these 
degenerating  elements  of  the  azygos  plexus,  as  extra-intimal  or 
perivenous  spaces,  in  exactly  the  same  manner  as  above  described 
for  the  regions  further  cephalad. 

The  recognition  of  this  reduced  ventro-medial  tributary  system 
of  the  azygos  veins  is  of  the  greatest  importance  to  the  correct 
interpretation  of  the  mammalian  thoracic  duct  development. 
Not  only  do  the  extra-intimal  lymphatic  anlages  of  the  azygos 
segments  of  the  duct  form  along  and  around  these  venules,  but 
in  the  sktne  way  the  anterior  part  of  the  mesenteric  lymphatic 
network  of  the  abdomen  has  its  origin  in  the  extra-intimal  lym- 
phatic spaces  which  develop  around  the  caudal  continuation  of 
the  ventral  plexus  in  front  and  along  the  sides  of  the  abdominal 
aorta,  in  the  root  of  the  dorsal  mesogastrimn.  These  perivenous 
lymphatic  spaces  subsequently  unite  to  form  the  receptaculum 
and  establish,  on  one  hand,  connections  with  the  independently 
developed  intestinal  lymphatic  channels,  and,  on  the  other,  with 
the  thoracic  duct. 

McClure,  in  a  paper  published  in  1908,^^  on  the  development 
of  the  thoracic  ducts  in  the  cat,  very  clearly  described  and  figured 
this  secondary  and  evanescent  line  of  the  venous  capillary  plexus 
along  the  innominate  and  azygos  veins  which  forms  the  basis  for 
the  subsequent  development  of  the  main  segments  of  the  tho- 
racic duct.  I  can  completely  confirm  the  accuracy  of  his  obse  va- 
tions  on  this  Structure,  which  he  for  the  first  time  mapped  out 
and  demonstrated  completely.  I  am  obliged  to  differ  from  him, 
as  shown  in  the  preceding  pages,  in  reference  to  the  interpretation 
of  the  r61e  taken  by  the  temporary  venous  plexus  in  the  develop- 
ment of  the  thoracic  ducts.  I  cannot  regard  the  ducts  as  arising 
directly  from  the  detached  venous  elements  of  the  plexus,  but 
beheve,  as  here  shown,  that  these  elements  are  secondarily  replaced 
by  independent  extra-intimal  lymphatic  spaces,  which  then  join 
to  form  the  continuous  channels  of  the  thoracic  ducts. 


*•  C.  F.  W.  McClure.    The  development  of  the  thoracic  and  right  lymphatic 
ducts  in  the  domestic  cat.    Anat.  Am.,  Bd.  32,  nos.  21  and  22,  1908. 
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I  am  quite  convinced  that,  in  determining  definitely  question  i 
as  intricate  as  are  the  relations  between  developing  haemal  and 
lymphatic  channels  in  the  mammalian  embryo,  a  very  large  number 
of  individual  examples  of  each  stage  are  absolutely  necessary.  I 
feel  that  if  McClure  had  had  at  his  command  the  amount  of  mate- 
rial on  which  this  communication  is  based,  his  conclusions 
would  have  coincided  with  those  here  expressed,  and  he  would 
not  have  assigned  to  the  thoracic  ducts  a  genetic  origin  diflfer- 
rent  from  that- which  we  upheld  for  all  systemic  lymphatic  devel- 
opment in  the  mammalian  embryo  in  our  first  joint  publica- 
tion on  the  subject  in  1906  (2),  and  which,  with  the  exception 
of  the  thoracic  ducts,  he  still  regards  as  the  fundamental  basis 
of  systemic  lymphatic  development. 

It  is  necessary  to  exercise  great  care  in  the  critical  stages  in 
order  correctly  to  distinguish  between  the  degenerating  vessels 
of  the  plexus  and  the  extra-intimal  lymphatic  anlages  replacing 
them,  and  to  compare  results  obtained  from  a  number  of  embryos 
of  the  same  stage.  If  this  is  done  there  can  remain  no  doubt  that 
the  azygos  segments  of  the  two  thoracic  ducts  in  the  embryos  of 
the  cat  develop  by  confluence  of  extra-intimal  perivenous  lym- 
phatic spaces.  These  anlages  appear  at  first  as  isolated  spaces, 
either  surrounding  the  retreating  veins  or  closely  applied  to  part 
of  their  circumference  and  subsequently  to  the  ventral  wall  of 
the  main  azygos  trunks^  usually  laterad  to  the  points  where  the 
ventral  plexus  connects  with  the  main  azygos  channel.  Thus, 
compare  the  micro-photographs  of  series  34  and  214,  figs  23  to 
32.  In  the  succeeding  stages  these  numerous  separate  lymphatic 
anlages  coalesce  into  longer  continuous  channel-segments.  It  is 
again  noteworthy  that  in  stages  between  13.5  mm.  and  14  mm., 
the  still  separate  and  distinct  lymphatic  anlages  are  relatively 
larger  and  more  clearly  evident  than  in  the  subsequent  (15  mm. 
to  15.5  mm.)  stages  in  which  they  have  more  extensively  joined 
to  form  longer  links  of  the  system.  Finally,  in  the  16  mm.  embryo, 
where  usually  all  the  sieparate  segments  are  assembled  into  the 
continuous  channel  of  the  thoracic  duct,  additional  new  mesen- 
chymal spaces  are  added  and  thus  a  second  and  permanent 
increase  in  size  and  caliber  of  the  latter  appears  to  begin,  which 
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can  be  traced  in  the  subsequent  stages  as.  occurring  in  correlation 
with  the  reduction  of  the  adjacent  azygos  trunks.  The  mammalian 
systemic  lymphatic  vessels  seem  to  thus  share  with  the  embryonic 
veins  this  tendency  towards  apparently  excessive  diffuse  plexi- 
form  development  in  their  respective  early  genetic  stages.  Sub- 
sequently the  definite  channel,  lymphatic  or  haemal,  seems  to 
concentrate  along  static  lines,  as  a  vessel  of  relatively  smaller 
caliber,  out  of  the  antecedent  more  generalized  plexus,  and  from 
this  stage  on  further  growth  centres  on  the  definite  vessel  replacing 
the  earlier  diffuse  plexus. 

In  a  14  mm.  embryo  (series  34,  Princeton  Embryological  Col- 
lection, slide  31)  the  main  azygos  trunks  have  increased  in  size, 
have  approached  the  dorso-lateral  circmnference  of  the  aorta 
more  closely,  and  the  interazygos  anastomosis  has  developed. 

The  ventro-medial  plexus  is,  however,  still  present  in  the  typical 
position — (figs.  23  and  24, 4:  series  34,  slide  31,  sections  18  and  19.) 

Further  cephalad  (slide  28  of  the  same  embryo),  the  beginning 
extra-intimal  replacement  of  this  plexus  by  the  lymphatic  anlages 
of  the  thoracic  duct  is  encountered  (figs.  25  and  26,  series  34, 
slide  28,  sections  19  and  20).  The  venule  (figs.  25  and  26,  4), 
still  containing  a  few  red  blood  cells,  is  almost  completely  detached 
from  the  definite  azygos  venous  channel,  although  its  original 
continuity  with  the  same  can  ^ill  be  traced  by  a  strand  of  dif- 
ferentiated mesenchyme  representing  the  obliterated  channel  of 
communication.  This  central  detached  venous  kernel  (4)  is 
surrounded  by  the  extra-intimal  lymphatic  space  (5) . 

Figs.  27  to  30  show  successive  sections  from  two  slides  of  another 
14  mm.  embryo  (series  214),  in  which  the  process  of  Ijrmphatic 
replacement  of  the  azygos  plexus  is  further  advanced.  All  trace 
of  the  original  connection  of  the  central  venous  core  (4)  with  the 
azygos  systeia  is  lost  in  these  sections.  The  detached  and  aban- 
doned venule  is  entirely  empty  and  forms  a  partially  collapsed 
endothelial  tube  surrounded,  as  before,  by  the  perivenous  lym- 
phatic anlage  of  the  thoracic  duct  (5).  The  four  figures  show  this 
development  both  at  the  level  qf  the  inter-segmental  arteries  (figs. 
27  and  28)  and  in  the  intervals  between  these  aortic  branches 
(figs.  29  and  30).    The  figures  published  here  are  not  isolated  sec- 
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tions  to  which  the  conditions  described  are  confined,  but  the  same 
structures  extend  cephalad  and  caudadfora  considerable  distance. 
The  same  embryo  again  shows,  further  caudad,  admirably  the 
first  inception  of  the  Ijrmphatic  anlage  in  relation  to  the  ventro- 
medial azygos  plexus.  (Figs.  31  and  32).  The  vein  undergoing 
Ijrmphatic  replacement  (4)  is  detached  from  the  remainder  of  the 
plexus,  but  the  original  connection  is  still  indicated.  The  lymphatic 
space  (5)  has  developed,  as  yet,  only  on  the  lateral  aspect  of  the 
abandoned  vein,  and  has  not  yet  completely  enveloped  the  same. 
Comparison  with  the  sections  further  cephalad,  esfpeciaUy  with 
figs.  27  and  28,  at  the  intersegmental  arterial  level,  clearly  indicates 
that  in  course  of  further  development  additional  portions  of  the 
ventro-medial  venous  plexus  will  be  involved  and  included  in  the 
enveloping  extra-intimal  lymphatic,  and  that,  in  attaining  this 
condition,  the  thoracic  duct  anlage  will  extend  relatively  further 
dorsad  and  thus  come  into  closer  apposition  with  the  mainazygos 
trunks. 

I  am  bound  to  draw,  from  the  observations  here  recorded,  the 
following  conclusions: 

1.  The  pre-azygos  and  azygos  segments  of  the  thoracic  ducts 
of  the  cat  are  formed  by  confluence  of  separate  and  independent 
lymphatic  anlages,  which  develop  from  intercellular  clefts  in 
the  prevertebral  mesenchyme.  A  large  proportion  of  these  early 
lymphatic  anlages  develop  as  extra-intimal  para-  or  peri-venous 
mesenchymal  spaces  along  the  early  mediastinal  and  azygos  plex- 
uses and  their  tributaries. 

2.  These  spaces,  whether  developed  directly  in  the  mesen- 
chyme, or  in  association  with  regressive  embryonic  veins,  are  from 
their  first  inception  independent  mesenchymal  intercellular  clefts. 
Their  origin  is  independent  of  the  veins  which  they  are  subse- 
quently to  replace  topographically.  They  are  neither  ''buds"  de- 
rived from  the  veins,  nor  are  they  portions  of  the  primitive 
veins  separated  or ' '  split  off  "  the  main  channels.  Their  Ijrmphatic 
intimal  endothelial  lining  develops  with  their  first  appearance 
from  the  indifferent  mesenchymal  cells  lining  the  spaces,  and  is 
the  result  of  the  adaptation  of  these  cells  to  the  new  mechanical 
and  physical  conditions  imposed  on  them  by  the  space  formation. 
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The  lymphatic  endothelium  does  not  arise  by  ''sprouting/'  or 
otherwise,  from  the  pre-existing  haemal  vascular  endothelium 
of  the  early  embryonic  veins. 

As  a  matter  of  fact,  in  place  of  being  derived  from  the  endothe- 
lium of  the  blood  channels,  the  intima  of  the  degenerating  vein  can 
in  hundreds  of  observations  be  followed  through  its  stages  of  dis- 
integration, partial  reversion  to  indiflferent  mesenchymal  cells, 
and  final  complete  elimination,  within  the  lumen  of  the  extra- 
intimal  lymphatic  channel  partly  or  completely  enveloping  the 
venous  rudiment.  Nowhere  is  there  the  slightest  indicatio  of 
''budding''  or  "sprouting,"  or  of  any  other  active  process  on  the 
part  of  the  degenerating  haemal  endothelium. 

3.  The  above  named  individual  segments  of  the  thoracic  and 
right  lymphatic  ducts,  thus  formed  through  confluence  of  a  large 
nrnnber  of  separate  and  independently  developed  mesenchjrmal 
and  perivenous  anlages,  finally  unite  with  each  other  to  form  a 
continuous  bilateral  channel,  which  secondarily  effects  a  junction 
with  the  thoracic  duct  approach  of  the  jugular  lymph  sac,  through 
which  the  general  lymphatic  system  gains  its  entrance  into  the 
venous  system. 

4.  The  thoracic  ducts,  especially  in  their  pre-azygos  and  azygos 
segments,  and  in  the  area  of  the  tributary  ventral  mediastinal 
trunk,  offer  the  most  striking  and  convincing  evidence  of  the  truth 
of  the  extra-intimal  theory  of  systemic  lymphatic  development  in 
this  mammaUan  embryo,  in  the  relation  exhibited  by  the  first 
perivenous  lymphatic  anlages  to  early  embryonic  venous  channels 
which  they  siuround  and  subsequently  replace. 

For  this  reason  I  have  selected  the  thoracic  ducts  as  representa- 
tive systemic  lymphatic  channels,  whose  developmental  history 
will  serve  as  a  concrete  illustration  of  the  genetic  principles  ex- 
pressed in  this  communication.  Many  of  the  details  of  the  thoracic 
duct  development  are  here  designedly  not  considered,  although 
they  are  of  great  importance  and  significance. 

These  questions  can  be  much  more  clearly  and  comprehen- 
sively studied  in  their  relation  to  the  adult  anatomy  of  the  ducts 
and  their  mode  of  union  with  the  system  of  the  abdominal  lym- 
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phatics.  They  will  be  considered  in  detail  in  a  more  extensive 
memoir  on  mammalian  lymphatic  development  to  be  presently 
published. 

As  above  stated,  the  development  of  paits  of  the  thoracic  ducts 
is  introduced  in  this  paper  solely  for  the  purpose  of  affording  a 
concrete  illustration  of  the  general  principles  underlying  the  devel- 
opment of  all  the  systemic  lymphatic  channels  in  the  particular 
mammahan  embryo  (Felis  domestica)  here  considered.  The  same 
principles  obtain  in  systemic  lymphatic  genesis  in  all  mammalian 
types  which  I  have  had  the  opportunity  of  examining,  but  the 
embryos  of  the  cat  offer  by  far  the  most  conclusive,  consistent 
and  striking  evidence. 

5.  The  early  independent  genetic  history  of  the  spaces,  which 
I  have  above  described  as  the  first  anlages  of  the  thoracic  duct 
channels  in  the  embryos  of  the  cat,  and  the  fact  that  in  subsequent 
stages  they  appear  consistently  and  in  every  possible  combination 
as  extra-intimal  or  perivenous  mesenchymal  spaces,  following 
and  surrounding  the  branches  of  the  prevertebral,  ventral  medias- 
tinal and  ventro-medial  azygos  venous  plexuses,  excludes  to  my 
mind,  the  possibiUty  of  considering  them  as  direct  derivatives  from 
the  venous  plexuses,  or  as  so-called  '*  venous  outgrowths  "  of  the  in- 
nominate and  main  azygos  veins,  subsequently  detached  from  the 
parent  trunks.  The  actual  conditions  observed  and  here  described 
are  too  obvious  and  constant  to  admit  of  any  doubt.  They  can  be 
verified  by  any  observer  on  sufficient  material  of  the  proper  stages. 
I  think  it  is  time  for  investigators  engaged  in  solving  the  problem 
of  mammalian  lymphatic  development  to  abandon  superficial 
lines  of  comparison  and  generahzation,  based  often  on  isolated 
and  insuflBcient  observations,  or,  as  in  the  injection  experiments, 
on  methods  which,  from  the  nature  of  the  problem,  are  utterly 
inadequate  and  almost  barbarous.  Results  obtained  from  observa- 
tions of  this  kind  are,  at  their  best,  misleading,  when  dealing  with 
a  genetic  question  as  delicately  balanced  as  is  the  relation  between 
developing  haemal  and  lymphatic  channels  in  the  mammalian 
embryo. 
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EXPLANATION  OF  FIGURES 

The  series  here  figured  and  described  are  in  the  embryological  collection  of 
Columbia  University,  with  the  exception  of  series  34,  which  belongs  to  the 
embryological  collection  of  Princeton  University.  I  am  greatly  indebted  to  Prof. 
C.  F.  W.  McClure  for  the  opportunity  of  stud3dng  this  series  and  of  publishing  the 
four  sections  shown  in  figs.  23  to  26. 


ANNOTATION  OF  LEADERS  IN  ALL  FIGURES 


1 

Sympathetic  nerve. 

17 

2 

Intersegmental  arteries. 

21 

3 

Precardinal,  resp.  azygos  vein  of 

22 

right  side. 

23 

4 

Degenerating  vein. 

24 

5 

Extraintimal  or  perivenous  lym- 

25 

phatic  space  surrounding  degen- 

26 

erating  embryonic  vein. 

31 

6 

Precardinal,  resp.  aaygos  vein  of 

32 

left  side. 

33 

7 

Aorta. 

40 

8 

Oesophagus. 

48 

9 

Trachea. 

^ 

10 

Pulmonary  arteries. 

50 

16 

Dorsal  somatic  tributaries. 

Prevertebral  venous  plexus. 

Thymus. 

Vagus. 

Carotid  artery. 

Thyrocervical  artery. 

Internal  jugular  vein. 

Common  jugular  vein. 

Primitive  ulnar  veno-lymphatic. 

Ventral  mediastinal  venous  plexus. 

Subclavian  artery. 

Innominate  vein. 

Right  auricle. 

Left  auricle. 

Right  ventricle. 
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PLATE  1 


Fig.    I    Transverse  section  of  anterior  thoracic  region  of  12  mm.  cat  embryo 
(series  78,  slide  5,  section  9,  X  50). 


THE    ANATOMICAL    RBCORD,    VOL.  4,    NO.    11. 


Digitized  by 


Google 


SYSTEMIC  LYMPHATIC  VESSELS 

QKO.  8.  HUNTINQTON 


PLATE  2 


Fig.  2    Transverse  section  of  anterior  thoracic  region  of  13  mm.  cat  embryo 
(series  107,  slide  9,  section  40,  X  225). 


Fig.  3a    Extra-intimal  lymphatic  aniage  and  contained  atrophied  vein  of  same 
section  as  fig.  3,  magnified  300  diameters. 

THE  ANATOMICAL  RECORD,   VOL.  4,   NO.    11.  ^^ 
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PLATE  3 


.Fig.  3    Transverse  section  of  anterior  thoracic  region  of  13.5  mm.  cat  embryo 
(series  189,  slide  8,  section  36,    X225). 

THE  ANATOHflCAL  RECORD,  VOL.  4,   NO.   11. 
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Fig.  4    Same,  section  37. 


Fig.  5    Same,  section  38. 

THC  ANATOMICAL  RECORD,   VOL.  4,  NO.   11. 
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PLATE  6 


Fig.  6    Same,  section  39. 


Fig.  7    Same,  section  40. 
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Fig.  8    Transverse  section  of  anterior  thoracic  region  of  a  14  mm.  cat  embryo 
(series  214,  slide  13,  section  13,    X  225). 
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Fig.  9    Same,  section  15. 
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Fig.  10    Same,  section  16. 
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Fig  11.    Same,  section  21. 


Fig.  12    Same,  section  22. 
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Fig.  13    Transverse  section  of  anterior  thoracic  region  of  a  14  mm.  cat  embryo, 
(series  212,  slide  10,  section  5,   X225). 


Fig  14    Same,  section  6. 
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Fig.  15    Transverse  section  of  anterior  thoracic  region  of  a  15  mm.  cat  embryo, 
(series  216,  slide  10,  section  32,  X  225). 


Fig.  16    Same,  section  33. 
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Fig.  17    Transverse  section  of  anterior  thoracic  region  of  a  15.5  mm.  cat  embryo 
(series  215,  slide  14,  section  13,  X  225). 


Fig.  18    Transverse  section   of   anterior   thoracic   region   of  t^itocbhWiV^fc^Oy  IL 
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Fig.  19    Transverse  section  of  anterior  thoracic  prevertebral  area  of  a  14  mm. 
cat  embryo,  (series  214,  slide  9,  section  23,  X  225). 


Fig.  20    Same,  section  26. 
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Fig.  21    Transverse  section  of  middle  thoracic  region  of  a  11  mm.  cat  embryo, 
(series  213,  slide  11,  section  29,    X225}. 


Fig.  22    Transverse  section  of  middle  thoracic  region  of  a  12  mm.  cat  emi 
(series  217,  slide  11,  section  27,    X  225).  digitized  by 


Google 
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Fig.  23  Transverse  section  of  middle  thoracic  region  of  a  14  mm.  cat  embrvo, 
(series  34,  Princeton  University  Embryological  Collection,  slide  31;  section  18, 
X  225). 


*!  L^^^^^^ui:^  fe 


Fig.  24    Same,  section  19. 
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Fig.  25    Same,  slide  28,  section  19. 


Fig.  26    Same,  section  20. 
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Fig.  27    Transverse  section  of  middle  thoracic  region  of  a  14  mm.  cat  embryo 
(series  214,f slide  15,  section  10,  X225). 


Fig.  28    Same,  section  11. 
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Fig.  29    Same,  slide  14,  section  16. 


Fig.  30    Same,  section  17. 


THE  ANATOMICAL  BECORD,   VOL.  4,   NO.    II. 


Digitized  by 


Google 


SYSTEMIC  LYMPHATIC  VESSELS 

GEO.   S.  HUNTINGTON 


PLATE  18 


Fig.  31    Same,  slide  15,  section  27. 


Fig.  32    Same,  section  28. 
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A  NOTE  ON  POST-CARDINAL  OMPHALO-MESENTERIC 
COMMUNICATIONS  IN  THE  ADULT  MAMMAL 

ALFRED  JEROME  BROWN 
From  the  AruUomical  Laboratory  of  Columbia  University 

T^BBB  PLATB8 

CommunicationB  between  the  portal  and  systemic  venous 
systems  have  been  noted  in  many  adult  forms  but  have  never 
been  accounted  for  upon  an  embryological  basis. 

Ejrause*  mentions  several  communications  between  the  portal 
and  systemic  systems  in  the  adult  human,  the  only  one  of  inter- 
est in  connection  with  the  subject  of  this  paper  being  the  branch 
which  he  describes  as  arising  from  the  plexus  around  either  the 
small  or  large  intestine  and  emptying  either  into  the  inferior  vena 
cava  or  the  renal  vein. 

In  the  cynocephalous  primates  there  is,  in  the  adult,  a  capillary 
plexus  between  the  two  leaves  of  the  mesentery  which  connects 
the  radicles  of  the  mesenteric  veins  with  the  sex  veins  which  are 
the  representatives  of  the  embryonic  post-cardinals. 

In  the  bird,  there  is  constantly  present  in  the  adult  form,  a 
coccygeo-mesenteric  vein,  which  arises  at  the  point  of  bifurcation 
of  the  caudal  veins,  runs  parallel  to  the  rectum,  from  which  it 
receives  tributaries,  and  empties  into  the  portal  vein  (Parker 
and  Haswell).2 

In  an  adult  cat,  a  hitherto  undescribed  connection  between  the 
portal  and  systemic  systems  of  veins  was  found.  In  this  animal 
at  the  point  of  junction  of  the  sex  vein  with  the  inferior  vena 
cava  (which,  in  the  post-renal  segment,  was  fonred  by  the  em- 
bryonic left  post-cardinal  vein  as  shown  by  its  dorsal  relation  to 

^  Henle:  Anatomie  des  Menschen,  Band  3',  p.  394. 

'  Parker  and  Haswell :  Textbook  of  Zo<>logy,  vol.  2,  p.  374. 
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the  left  ureter),  a  large  trunk  was  given  oiBf  which  passed  forward, 
ventral  to  the  left  ureter,  and  to  the  right  between  the  leaves  of 
the  mesentery  and  joined  with  the  inferior  mesenteric  vein. 
This  junction  between  the  cross  conmiunicating  vessel  and  the 
inferior  mesenteric  vein  resulted  in  a  large  vein  which  ran  cepha- 
lad  through  the  mesentery,  receiving  tributaries  from  around  the 
gut  in  its  course,  followed  the  normal  course  of  the  inferior  mesen- 
teric vein,  and  finally  emptied  into  the  superior  mesenteric  vein 
(see  plate  1). 

The  occurrence  of  these  conmiunications  between  the  portal 
and  systemic  systems  in  the  adult  mammal  and  their  close  cor- 
respondence to  the  normal  coccygeo-mesenteric  vein  of  the  bird, 
naturally  suggested  that  the  communication  was  a  persistence  of 
an  embryonic  channel  between  the  omphalo-mesenteric  and  car- 
dinal systems  which  was  normal  at  some  period  of  growth. 

In  the  cat,  embryo  of  10.4  mm.  (series  81),  immediately  below 
the  sub-cardinal  cross  anastomosis  there  is  a  plexus  of  small  veins 
which  extends  across  the  root  of  the  mesentery  connecting  the 
sub-cardinal  veins  of  the  two  sides,  but  there  are  no  distinct  ves- 
sels which  can  be  traced  into  the  mesentery  to  connect  with  the 
plexus  around  the  gut,  and  all  of  the  veins  draining  the  gut  appear 
to  run  cephalad  through  the  mesentery  to  empty  into  the  omphalo- 
mesenteric veins. 

In  an  earlier  stage,  however,  cat  of  6.5  nam.  (series  131),  a  con- 
nection between  the  two  systems  can  be  clearly  established.  At 
this  stage  there  is  no  distinct  sub-cardinal  system  of  veins,but  this 
line  is  represented  by  a  series  of  vascular  spaces  surrounding  the 
individual  mesonephric  tubules  which  lie  ventral  to  the  post- 
cardinal  veins  which  are  of  equal  size. 

At  the  level  of  the  origin  of  the  supra-renal  artery  from  the  aorta 
a  small  vein  passes  from  the  plexus  around  the  gut  dorsad  through 
the  mesentery,  curves  laterad  at  its  root  and  finally  empties  into 
the  venous  spaces  around  the  mesonephric  tubules;  further 
caudad  another  small  vein  pursues  an  identical  course.  These 
vessels  are  alike  on  the  two  sides  and  make  a  double  tier-like  con- 
nection between  the  omphalo-mesenteric  and  future  sub-cardinal 
systems. 
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At  the  level  of  the  junction  of  the  middle  and  lower  thirds  of  the 
mesonephros,  the  plexus  of  veins  in  the  mesentery  is  represented 
by  a  single  large  trunk  which  passes  dorsad  from  the  gut  to  the 
root  of  the  mesentery  and  there  bifurcates.  From  this  bifurca- 
tion a  vessel  passes  on  either  side,  laterad  and  dorsad  between  the 
aorta  to  the  mesial  and  the  mesonephros  to  the  lateral  side  and 
taps  the  post-cardinal  vein  on  its  ventro  mesial  surface  (see  plates 
2  and  3).  This  vessel  is  quite  large  and  undoubtedly  represents 
the  embryonic  channel  of  which  the  communications  noted  in  the 
adult  animals  are  remnants. 

Thus  there  may  be  in  the  adult  mammal  a  well  defined  com- 
munication between  the  portal  and  post-caval  systems  in  addition 
to  the  usual  communication  through  the  capillaries  of  the  liver, 
and  this  communication  is  distinctly  analogous  to  the  coccygeo- 
mesenteric  vein  of  the  adult  bird  type  and  is  a  vestige  of  a  com- 
munication between  the  omphalo-mesenteric  and  post-cardinal 
systems  which  exists  in  the  mammalian  embryo  at  an  early  stage 
of  its  development. 
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SOME   FEATURES   OF   THE   HISTOGENESIS   OF   THE 
THYREOID  GLAND  IN  THE  PIG 

ROBERT  ORTON  MOODY 
From  the  Hearst  Anatomical  Laboratory  of  the  University  of  California 

FOX7BTEEN  FIGURES 

That  the  thyreoid  gland  of  pig  has  its  origin  in  a  median  and 
two  lateral  elements  which  unite  early  in  embryonic  life  to  form 
a  one  lobed  gland,  lying  ventrad  of  the  trachea,  was  definitely 
determined  by  Born  and  confirmed  by  other  investigators.  But 
concerning  certain  features  of  its  histogenesis,  different  views  have 
been  expressed.  The  development  of  the  connective  tissue  frame- 
work, the  processes  and  relation  of  follicle  and  colloid  formation 
and  some  other  disputed  points  are  the  subjects  of  this  investi- 
gation. 

Wolfler,  one  of  the  earlier  investigators,  is  quoted  by  Lustig 
as  follows: 

''The  epithelial  vesicles  are  formed  from  masses  of  round  or  elon- 
gated cells  having  large,  round  nuclei  surrounded  by  very  little 
protoplasm.  Towards  the  end  of  the  foetal  period  and  after  birth 
the  peripheral  elements  of  these  groups  of  cells  dispose  themselves 
in  a  circle  and  assume  a  cubical  form,  while  the  central  elements 
become  at  first  granular,  then  degenerate  and  disappear  in  the 
pale  granular  mass  that  fills  the  lumen  of  the  vesicle  thus  formed, 
which  is  lined  with  epithelium.''  Lustig  then  adds  "concerning 
the  form,  size  and  general  characteristics  of  the  epithelial  masses 
and  their  transformation,  my  observations  agree  entirely  with 
those  of  Wolfler." 

Hertwig  describes  the  formation  of  the  vesicles  as  follows: 

"The  cords  acquire  a  narrow  lumen  around  which  the  cylindrical 
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cells  axe  regularly  arranged.  Then  there  are  formed  on  the  cords 
at  short  intervals  enlargements,  which  are  separated  by  slight 
constrictions.  By  the  deepening  of  these  constrictions  the  whole 
network  is  finally  subdixdded  into  numerous,  small,  hollow, 
epithelial  vesicles  or  follicles,  which  are  separated  from  one  another 
by  highly  vesicular  embryonic  tissue.  Subsequently  the  follicles 
increase  in  size,  especially  in  the  case  of  man.  This  is  due  to  the 
secretion  by  the  epithelial  cells  of  a  considerable  quantity  of  col- 
loid, which  is  poured  into  the  cavity  of  the  follicles." 

Souli6  and  Verdun  in  their  study  of  the  development  of  the 
thyreoid  in  rabbits  and  moles,  referring  to  a  rabbit  embryo  of  15 
nun.  say:  "The  cords  which  constitute  the  median  thyreoid  no 
longer  present  a  uniform  caliber  throughout  their  entire  length; 
at  intervals  they  show  swellings  which  are  hollow  ampullae  lined 
with  cubical  epithelium.  This  is  the  first  appearance  of  the  fol- 
licles of  the  gland." 

Tournaux  and  Verdun,  describing  the  thyreoid  in  a  human 
embryo  of  32.4  mm.  say:  "The  cell  cords  have  not  a  regularly 
cylindrical  form  but  carry  throughout  their  length  spherical  or 
ovoid  enlargements,  in  which  there  are  central  cavities.  The  cords 
average  30-40  microns  in  diameter,  increasing  to  80  at  the  level 
of  the  dilatations,  which  are  formed  of  small  polyhedral  cells 
heaped  on  each  other  around  the  central  excavation.  Ill  many 
places  the  wall  of  the  vesicle  appears  thickened  in  the  form  of 
a  bud,  which  gives  the  external  surface  a  varicose  appearance." 

Thus  it  is  seen  that  Wolfler  and  Lustig  found  in  the  pig  and  some 
other  animals  that  the  formation  of  the  follicle  and  the  colloid 
are  synchronous,  late  in  foetal  life,  both  are  formed  by  the  degen- 
eration of  the  central  portion  of  masses  of  cells.  Souli6,  Toilrnaux 
and  Verdun,  however,  find  that  in  man,  rabbit  and  mole,  follicles 
appear  early  in  foetial  life,  formed  from  swellings  on,  or  enlarge- 
ments of  the  primitive  cell  coluilins,  and  that  the  formation  of 
collpid  takes  place  at  a  later  period.  Hertwijg  offers  another 
slightly  different  view:  thai  a  lumen  firist  appears  ill  the  6ords, 
upon  which  alternate  enlargements  and  constrictions  occur  later 
to  form  the  follicles.  *       ' 
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TECHNIQUE 

Embryo  pigs  in  the  earlier  stages,  5  to  35  millimeters  in  length, 
were  fixed  in  Zenker's  fluid,  cut  in  serial  sections  5-10  microns 
thick  and  stained  with  Mallory's  connective  tissue  stain,  as  modi- 
fied by  Sabin  or  with  haematoxylin  and  congo  red. 

From  older  embryos,  40-280  millimeters  in  length,  the  glands 
were  removed,  fixed  in  Zenker's,  or  in  van  Gehuchten's  fluid, 
and  prepared  as  above  for  general  study.  For  the  further  study 
of  the  connective  tissue  framework,  two  methods  of  digestion 
were  used:  Flint's  method  of  piece  digestion  for  the  demonstra- 
tion of  the  framework  of  organs  and  Hoehl's  method  of  the  diges- 
tion of  thin  sections  on  slides,  every  alternate  section  being  kept 
without  digestion  for  control,  as  suggested  by  Clark. 

In  Flint's  method,  which  the  author  characterizes  as  "tedious 
at  the  best,"  the  time  element  is  most  variable  and  uncontrollable. 
Of  two  sections  equally  thick,  cut  from  the  same  gland,  carried 
through  all  stages  of  digestion  in  the  same  containers,  one  digests 
in  three  or  four  weeks,  while  the  other  takes  as  many  months. 
The  one  that  digests  more  slowly  usually  appears  brown  after  a 
few  days,  while  the  other  retains  its  normal  color  and  becomes 
more  transparent.  Both  eventually  yield  satisfactory  results. 
The  process  of  fat  extraction  may  be  omitted  with  embryonic 
tissues,  thereby  shortening  the  time  required  for  digestion  by 
ten  or  twelve  days.  It  is  especially  desirable  to  omit  a  second 
extraction  in  older  tissues,  not  only  on  account  of  saving  time,  but 
also  to  avoid  injury  to  the  sections,  which  adhere  closely  to  the 
walls  of  the  paper  box  container,  so  that  it  is  almost  impossible 
to  remove  them  without  more  or  less  destruction  of  the  delicate 
tissues.  The  most  satisfactory  method  of  removing  the  pieces 
of  gland  from  the  paper  box  is  to  open  the  latter  and  immerse  it 
in  a  dish  containing  digesting  fluid,  after  which  gentle  shaking 
may  free  the  tissue.  The  use  of  any  other  mechanical  force 
usually  results  in  some  distortion  or  tearing. 

To  ensure  success  with  this  method  certain  precautions  must 
be  observed.  All  glassware,  corks,  etc.,  must  be  chemically  clean 
as  the  presence  of  even  a  minute  quantity  of  certain  reagents 


Digitized  by 


Google 


432  ROBERT  ORTON  MOODY 

interferes  with  or  entirely  inhibits  the  digestive  process.  All 
fluids  should  be  carefidly  filtered,  for  any  small  particle  of  foreign 
matter  may  become  entangled  in  meshes  of  the  digesting  tissue 
and  greatly  interfere  with  the  study  of  the  framework.  When 
changing  the  fluid  it  is  not  necessary  nor  advisable  to  remove  all 
of  it  from  the  vessel  containing  the  sections,  but  enough  should 
be  left  in  the  dish  to  float  them  in  order  to  avoid  distortion  and 
tearing  of  the  tissues.  If  for  staining  or  any  other  process  the 
specimens  are  to  be  transferred  from  one  dish  to  another,  a  spoon 
with  a  small  bowl  placed  at  right  angles  to  the  handle  is  desirable. 

An  excellent  picture  of  the  coarser  framework  of  organs  can 
be  seen  by  the  use  of  the  stereoscopic  microscope,  long  before 
digestion  is  complete.  It  is  advantageous  to  study  and  draw  the 
sections  at  this  stage,  because  as  digestion  proceeds,  in  spite  of 
every  precaution,  delicate  tissues  may  become  twisted  or  torn 
and  the  complete  picture  ruined.  The  specimen  may  be  removed 
from  the  digestive  fluid,  washed  in  water,  put  in  glycerine,  studied, 
rewashed  in  water  and  replaced  in  the  fluid  to  complete  digestion. 
The  transfer  from  water  to  glycerine  and  back  to  water  should 
be  made  through  several  dilutions  of  increasing  strength.  After 
digestion  is  completed  the  structure  of  the  framework  may  be  more 
strongly  brought  out  by  staining  the  tissue  with  aniline  blue.  It 
is  possible  to  use  the  oil  immersion  to  advantage  in  studjdng  the 
finer  details  of  thick  sections. 

While  using  Hoehl's  method  of  digesting  sections  on  slides,  it 
was  found  that  with  a  slight  addition  to  the  technique  sections 
200  microns  thick  may  be  prepared.  These  sections  are  fastened 
to  the  slide  in  the  following  manner:  after  removing  the  paraffine 
in  the  usual  way  sections  are  placed  in  absolute  alcohol  for  a  few 
minutes  and  then  put  on  the  slide.  A  fine  camel's  hair  brush 
dipped  in  thin  celloidin  is  put  at  four  equidistant  points  of  the 
periphery  of  the  section  and  from  each  point  is  drawn  quickly 
toward  the  edge  of  the  slide.  The  four  celloidin  bands  thus  made 
hold  the  section  to  the  slide,  not  only  during  digestion  but  also 
through  the  subsequent  processes  of  staining  and  mounting. 

By  this  method  it  is  possible  to  study  the  framework  of  embry- 
onic organs  in  three  dimensions  with  the  various  powers  of  the 
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monocular  microscope,  whereas  in  young  embryos  even  the  gross 
structure  is  so  small  that  piece  digestion  and  the  stereoscopic 
microscope  fail  to  reveal  it. 

After  digestion,  to  avoid  injury  to  the  tissues,  all  fluids  used  in 
washing,  staining  and  dehydrating  must  be  put  on  the  slide  at 
the  edge  of  the  section  drop  by  drop  and  allowed  to  spread  slowly. 
Pieces  of  blotting  paper  used  to  absorb  the  fluids  should  never  be 
placed  on  the  tissues. 

DESCRIPTIONS 
Pig  embryo  6  mm.  in  length 

In  5  embryos  of  this  length,  the  median  element  of  the  thyreoid 
gland  is  a  compact  sjmcytium  forming  a  bi-lobed  elongated  mass 
of  irregular  outline,  Ijdng  in  the  mesodermal  sjmcytium  on  the 
ventral  and  lateral  walls  of  the  aorta,  at  about  the  level  of  the 
second  gill-arch.  It  is  still  attached  to  the  ventral  wall  of  the 
pharynx  by  a  cord  of  cells  forming  a  pedicle  that  varies  from  30  to 
75  microns  in  length.  The  entire  length  of  the  gland,  including 
the  pedicle,  varies  from  75  to  155  microns.  The  two  lobes  may  lie 
in  close  contact,  with  only  a  thin  layer  of  mesodermal  sjmcytium 
between  them  or  they  may  be  separated  throughout  their  whole 
length  by  a  blood  vessel  as  well  as  the  sjmcytium. 

The  line  of  division  between  the  two  lobes  corresponds  with 
the  median  line  of  the  body,  so  that  the  lobes  lie  one  each  side  of 
this  plane.  This  line  commonly  terminates  at  the  caudal  end  of 
the  pedicle,  but  may  extend  throughout  its  entire  length  to  the 
ventral  wall  of  the  pharjmx  (fig.  1).  This  condition  together 
with  the  fact  that  the  lateral  elements  of  the  gland  are  paired, 
suggests  that  at  this  stage  the  thjrreoid  of  pig  is  a  paired  organ. 

The  median  element  as  a  whole,  following  closely  the  contour 
of  the  aorta,  has  the  shape  of  a  piece  of  gutter,  concave  dorsad, 
convex  ventrad.  The  surface  in  contact  with  the  wall  of  the  aorta 
is  smooth,  but  the  convex  surface  is  studded  with  cell  masses, 
varying  greatly  in  size  and  shape. 

The  parenchjona  of  the  gland  is  a  sjmcytium  with  large,  round 
or  oval  nuclei,  which  in  two  embryos  are  evenly  distributed  in  an 
abundant  cytoplasm    (fig.  2). 

niB  ANATOincAr.  record,  vol.  4.  NO.  12. 
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In  the  other  three  embryos,  a  differentiation  has  taken  place 
into  an  outer  layer  of  closely  crowded,  elongated,  oval  nuclei^ 
radially  arranged  in  a  scanty  protoplasm,  and  an  inner  area  of 
smaller,  rounder  nuclei  with  abundant  protoplasm  (fig.  1). 


,-M'9 


Fig.  1  Frontal  section  of  thyreoid  of  pig  embryo  6  mm.  in  length.  Magnified 
175  diameters.  An,  median  thyreoid  element.  N,  nucleated  red  blood  corpuscles. 
P£,  epithelium  of  pharnyx.    S,  mesodermal  syncytium. 

This  change  when  it  has  taken  place,  remains  a  characteristic 
feature  until  the  median  element  is  invaded  by  blood  vessels  in 
embryos  13-15  nmi.  in  length.  Neither  size,  shape  nor  staining 
properties  distinguish  the  nuclei  of  the  parenchyma  from  those 
of  the  surrounding  mesoderm. 

The  mesodermal  syncytium  consists  chiefly  of  round  or  oval 
nuclei  and  endoplasm.  With  Mallory's  stain  blue  exoplasmic 
fibrils  may  be  seen  forming  from  the  endoplasm,  which  has  a 
pinkish  tinge.  Fibrils  of  exoplasm  follow  closely  the  contour 
of  the  gland  forming  a  delicate  investment,  from  which  fibrils 
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may  be  seen  passing  into  the  parenchyma,  not  penetrating  deeply, 
but  surrounding  one  or  two  nuclei  or  passing  between  them.  In 
addition  to  these  delicate  fibrils  larger  strands  of  exoplasm  enter 
with  blood  vessels  that  pass  through  the  gland.  From  the  walls 
of  these  vessels  or  from  these  strands  and  occasionally  from  the 


FiQ.  2^  Transection  of  thyreoid  of  pig  embryo  5  mm.  in  length.  Magnified  555 
diameters.  An,  median  thyreoid  element.  Ao,  aorta.  N,  nucleated  red  blood 
corpuscles.    S,  mesodermal  syncytium. 

wall  of  the  aorta  fibrils  of  exoplasm  extend  into  the  parenchyma 
(fig.  3).  These  vessels  arise  from  the  aorta  and  pass  directly 
through  the  median  element  without  giving  any  branches  to 
the  gland. 
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Pig  embryo  6.5  mm.  in  length 

The  median  thyreoid  elements  of  two  embryos  are  still  con- 
nected by  a  pedicle  to  the  wall  of  the  pharynx,  but  only  in  one  of 


Fig.  3  Transection  of  thyreod  of  pig  embryo  5  mm.  in  length.  Magnified  435 
diameters.  An,  median  thyreoid  element.  Ao,  aorta.  B,  bloodvessel.  N,  nu- 
cleated blood  carpusele.      S,  mesodermal  syncytium.      EF,  exoplasmic  fibrils. 


them  is  it  definitely  bi-lobed.  In  the  other  it  is  extremely  irregular 
in  shape,  being  much  cut  up  by  the  blood  vessel  winding  through  it. 
A  branch  from  the  aorta  passes  through  the  bi-lobed  element,  but 
this  is  the  last  stage  prior  to  the  general  vascularization  of  this 
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element  in  which  blood  vessels  are  found  within  the  gland.  In- 
crease in  size  is  the  only  noticeable  difference  between  the  gland 
in  these  and  in  earlier  embryos. 

Pig  embryo  7  mm.  in  length 

Bom  describes  the  median  element  of  the  thyreoid  of  embryo 
pigs  at  this  age  as  follows:  ''Aus  einer  kleinen  Vertiefung  zieht 
ein  Epethelialstrang  ventralwarts  in  der  Lange  von  0.1  mm. 
der  sich  zu  einer  von  hinten  her  loffelartig  ausgeholten  Epithel- 
masse  verbreitert.  Die  ausgeholte  Mitte  derselben  ist  sehr  diinn 
so  dass  es  oft  den  Anschein  hat,  als  theile  sich  der  Epithelstrang 
in  zwei  bogenformig  divergirende  Aeste.  Im  Innern  der  seitlichen 
Enden  waren  Lumen  erkennbar.''  This  description  indicates 
that  the  median  element  is  bi-lobed  in  appearance  only,  but 
this  investigation  shows  that  the  division  into  two  lobes  is  real 
and  definite,  in  this  as  in  younger  and  older  embryos.  It  also 
shows  that  no  lumen  such  as  Born  describes  is  present  in  the 
median  element  at  this  or  any  other  stage.  It  is  true,  however, 
that  the  pedicle  has  at  this  time  separated  from  the  wall  of  the 
pharynx. 

Pig  embryo  10  mm.  in  length 

The  changes  that  take  place  in  the  median  element  and  the 
siUTOunding  mesodermal  syncytium  during  the  development  of 
the  embryo  from  7  to  10  mm.  in  length  are  chiefly  those  of  rapid 
growth.  At  10  nun.  the  cytoplasm  is  relatively  less  abundant 
and  the  nuclei  more  so  than  in  earlier  stages  and  many  of  the  nu- 
clei in  both  syncytia  are  in  some  phase  of  karyokinesis.  There 
are  around  the  periphery  of  the  median  element  blood  vessels 
that  do  not  penetrate  the  parenchyma. 

Pig  embryo  12-16  mm.  in  length 

At  12  mm.  begins  the  invasion  of  the  median  element  by  blood 
vessels.    Sometimes  the  direct  connection  is  seen  between  blood 
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vessels  without  and  within  the  gland,  but  frequently  none  was 
found  between  these  extra-parenchymal  vessels  and  spaces  within, 
which  contain  nuclei  of  mesodermal  origin  and  fibrils  of  exoplasm 
and  appear  to  be  blood  vessels  (fig.  4). 

This  invasion  proceeds  rapidly  until  embryos  are  15  mm.  in 
length,  when  the  bi-lobed  condition  and  differentiation  of  the 
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Fig.  4  Transection  of  thyreoid  of  pig  embryo  13  mm.  in  length.  Magnified  555 
diameters.  An,  median  thyreoid  element.  B,  blood  vessel.  CN,  mesodermal 
nuclei.  EF,  exoplasmic  fibrils.  N,  nucleated  blood  corpuscles.  S,  mesodermal 
syncytium. 

parenchymal  nuclei  into  a  distinct  central  and  peripheral  area  no 
longer  exists,  but  the  nuclei  are  similar  in  shape  and  uniformly 
distributed  throughout  the  parenchymal  syncytium.  The  paren- 
chyma is  cut  into  many  islands  of  various  shapes  and  sizes  by 
the  blood  vessels  as  is  pictured  by  Bom. 

The  lateral  elements  of  the  thyreoid,  which  arise  from  the  ven- 
tral ends  of  the  fourth  gill  arch,  are  now  flask-shaped  and  still 
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attached  to  the  arch  by  a  constricted  neck,  which  as  it  has  no 
lumen  may  be  called  a  pedicle.  These  elements  are  formed  of 
one  or  more  layers  of  nuclei  in  a  syncytial  protoplasm  lying  in  the 
mesodermal  syncytium  and  surrounding  a  central  cavity.  Arising 
from  this  syncytium  and  continuous  with  it,  fibrils  of  exoplasm 
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Fig.  5  Transection  of  the  lateral  element  of  the  thyreoid  of  pig  embryo  15  mm. 
in  length.  Magnified  555  diameters.  B,  blood  vessel.  EF,  exoplasmic  fibrils. 
PS,  parenchymal  syncytimn. 

pass  centrad,  forming  an  intra-parenchymal  exoplasmic  frame- 
work. 

Holmgren  has  described  an  intercellular  connective  tissue 
framework  supporting  the  epithelial  cells  of  the  mucous  membrane 
of  the  oesophagus  in  Hirudo  medicinalis  and  Proteus  anguineus. 

The  study  of  these  early  embryos  shows  that  the  median  ele- 
ment of  the  thyreoid  begins  as  a  syncytial  outgrowth  from  the 
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wall  of  the  pharynx,  having  no  intra-parenchymal  framework 
of  exoplasm  and  no  lumen,  while  the  lateral  elements  arising  later 
in  the  development  of  the  embryo  have  both  an  intra-parenchymal 
framework  and  a  central  lumen. 

Pig  embryo  15-20  mm.  in  length 

The  changes  in  the  median  element  during  this  period  are  an 
increase  in  the  parenchymal  and  exoplasmic  syncytia  and  a  rela- 


FiG.  6  Transection  of  thyreoid  of  pig  embryo  35  mm.  long.  Magnified  750 
diameters.  BC,  blood  corpuscles.  EF,  exoplasmic  fibrils.  PS,  parenchymal 
eyncytiiim. 

tively  greater  increase  in  the  number  of  blood  vessels.  In  the 
lateral  elements  the  rapid  increase  of  nuclei  has  almost  destroyed 
the  intra-parenchymal  framework,  so  that  fibrils,  cut  ends  of 
fibrils  and  nuclei  of  mesodermal  origin,  scattered  here  and  there, 
are  all  that  remain.  The  lumen  has  also  been  obliterated  and  these 
elements  have  gradually  moved  towards  and  finally  united  with 
the  median  element,  so  that  in  embryos  20  nrni.  in  length  the  thy- 
reoid gland  is  a  single  mass.     But  on  account  of  the  latter  origin 
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of  the  lateral  elements  they  have  not  yet  been  invaded  by  blood 
vessels  and  can  therefore  be  readily  distinguished  from  the  median 
element. 

Pig  embryo  20-34  ^^.  in  length 

Rapid  growth  accompanied  by  comparatively  gradual  changes 
mark  this  period  of  development.  The  restoration  of  the  intra- 
parenchjonal  framework  of  exoplasm  in  the  lateral  parts  and  the 
completion  of  the  framework  in  the  median  part  take  place. 
The  increase  of  the  vascular  system  in  the  latter  is  so  rapid  that 
in  most  embryos  blood  vessels  appear  to  form  the  greater  part  of 
this  portion  of  the  gland.  The  invasion  of  the  lateral  elements 
by  the  vascular  system  begins  in  embryos  26  mm.  long  and  pro- 
ceeds slowly,  so  that  in  pigs  34  mm.  long  the  greater  vascularity 
of  the  median  part  still  sharply  differentiates  it  from  the  others. 

Pig  embryo  36  mm.  in  length 

In  sections  stained  by  Mallory's  method  or  with  hematoxylin 
and  Congo  red,  the  peri-glandular  connective  tissue  has  all  the  forms 
of  nuclei  usually  found  during  the  transformation  of  endoplasm 
into  exoplasm  and  of  exoplasm  into  fibrillae.  The  large  vesicular 
variety  of  nuclei  predominates  but  the  small  darker  staining  form 
is  abundant.  There  is  a  definite  capsule  varying  in  density.  ^ 
Laterally,  where  it  is  crowded  between  the  parenchyma  of  the 
gland  and  large  blood  vessels  and  dorsally,  where  it  lies  between 
the  parenchyma  and  the  trachea  it  is  more  dense  than  ventrally 
where  the  pressure  is  less. 

Within  the  capsule  the  connective  tissue  syncytium  permeates 
that  of  the  parenchyma,  forming  an  intra-parenchymal  frame- 
work of  exoplasmic  fibrils  and  nuclei  of  the  small  dark-staining  va- 
riety. Probably  the  large  vesicular  nuclei  are  also  present  but  are 
not  differentiated  from  the  nuclei  of  the  parenchyma.  The  inter- 
lacing fibrils  of  exoplasm  that  form  the  intra-parenchymal  frame- 
work are  continuous  with  those  of  the  capsule  and  with  those 
of  the  walls  of  the  blood  vessels  within  the  gland  (fig.  6). 
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These  vessels  are  still  much  more  nmnerous  in  the  median  than 
in  the  lateral  elements.  This  is,  however,  the  last  stage  of  the 
series  in  which  this  differentiation  is  found. 

Beginning  with  embryos  of  this  size,  the  method  of  pancreatic 
digestion  already  described  may  be  used  with  advantage  in  study- 
ing the  development  of  the  connective  tissue  framework.  This 
method  verifies  the  facts  already  established  by  the  study  of 
undigested,  stained  material. 

The  digestion  of  sections  for  a  few  hours  removes  all  nuclei, 
both  of  the  parenchymal  and  of  the  connective  tissue  syncytia, 
leaving  undigested  the  stroma  of  the  red  blood  corpuscles  and 
the  fibrillated  exoplasm.  The  extra-parenchymal  exoplasm  shows 
a  fine  reticular  structure  which  by  condensation  fonrs  the  capsule 
of  the  gland  (fig.  7).  The  further  development  of  this  capsule  is 
similar  to  the  process  described  by  Flint  for  that  of  the  submaxil- 
lary gland. 

Within  the  gland  the  fibrillated  exoplasm  forms  a  network  with 
round  or  oval  meshes  approximating  in  size  one  or  more  of  the 
parenchymal  nuclei  in  imdigested  specimens  of  the  same  age. 

Pig  embryo  4S  mm.  in  length 

So  far  serial  sections  of  the  embryo  have  been  used,  but  begin- 
ning with  this  stage  the  gland  is  removed  before  fixation.  It  is 
^  small,  approximately  spherical  mass,  about  .5  mm.  in  diameter. 
The  development  of  the  vascular  system  has  been  more  rapid  in 
the  peripheral  than  in  the  central  portion  of  the  gland,  obliterating 
the  distinction  that  has  hitherto  existed  between  the  parts  formed 
from  the  lateral  and  median  elements. 

In  the  periglandular  connective  tissue  many  of  the  nuclei  are  of 
the  large  vesicular  type,  strongly  resembling  those  of  the  paren- 
chymal syncytium,  within  the  gland  the  connective  tissue  nuclei 
are  smaller  and  stain  more  deeply.  The  uniformity  and  continuity 
of  the  intra-parenchymal  framework  is  beginning  to  disappear, 
while  definite  thickenings  of  this  framework,  here  and  there, 
foreshadow  the  formation  of  the  follicular  walls.  There  is  no  other 
indication  of  follicles;  the  cords  of  cells  have  no  constrictions  nor 
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any  lumen.  However,  there  are  in  the  parenchymal  syncytium 
occasional  droplets  of  colloid  between  the  nuclei.  This  colloid 
is  not  formed  by  the  degeneration  of  nuclei,  as  described  by  W6l- 
fler,  for  the  parenchymal  nuclei  have  a  perfectly  normal  appear- 


FiQ.  7  Transection  of  thyreoid  of  pig  embryo  35  mm.  long.  Digested  on  the 
slide,  stained  with  methylene  blue.  Magnified  187  diameters.  B,  undigested  red 
blood  corpuscles.    EF,  intra-parenchymal  framework. 

ance.  In  pigs  then  the  appearance  of  colloid  precedes  the  forma- 
tion of  the  follicle,  and  is  produced  by  the  activity  of  the  paren- 
chyma (fig.  8). 

Pig  embryo  60  mm.  in  length 

Sections  stained  with  hematoxylin  and  congo  red  show  that 
the  parenchyma  still  exists  as  a  syncytium,  but  occasional  nuclei 
show  more  or  less  isolated  masses  of  protoplasm  about  them.  There 
are,  however,  as  yet  no  cell  membranes.  Mallory's  stain  empha- 
sizes the  connective  tissue  and  shows  clusters  of  parenchymal 
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nuclei  surrounded  by  stronger  strands  of  fibrillated  exoplasm.  The 
rapid  increase  of  parenchymal  nuclei  has  still  further  broken 
down  the  mesodermal  network,  but  strands  of  exoplasm  may  still 
be  seen  scattered  here  and  there  among  the  nuclei.  Drops  of 
colloid  have  increased  in  number  and  size,  but  there  are  still 
many  masses  of  cells  in  which  there  is  no  appearance  of  colloid 
(fig.  9). 

There  is  no  evident  determining  factor  as  to  where  these  drops 
of  colloid  appear.  They  may  be  separated  by  one  or  by  many 
nuclei,  or  they  may  be  close  together  with  only  a  bit  of  protoplasm 
intervening;  they  may  occur  close  to  blood  vessels  or  more  remote 
from  them. 

Digested  specimens  confirm  the  story  already  told.  Isolated 
areas  with  stronger  strands  of  connective  tissue  fibrils  around  them 
contain  a  reticulum  of  finer  fibrils.  In  some  of  these  areas  where 
the  continuity  has  been  broken,  the  finer  fibrils  have  been  washed 
away  during  preparation. 

Pig  embryo  70  mm.  in  length 

At  this  stage  are  found  the  first  follicles  with  completed  walls 
(fig.  10).  These  are  few  in  nuuxber  and  only  seen  in  sections 
stained  by  Mallory's  method.  Digested  specimens  show  a  frame- 
work enclosing  irregular  spaces  of  varying  sizes  and  shapes,  none 
of  which  are  as  small  as  the  follicles.  Delicate  strands  of  fibrillated 
exoplasm  extend  from  this  framework  into  the  spaces  forming 
incomplete  partitions,  which  ultimately  become  follicular  walls. 
These  first  formed  follicles  differ  from  those  in  the  adult  in  the 
syncytial  character  of  the  epithelial  lining,  which  is  a  single  layer 
of  nuclei  surrounded  by  protoplasm.  Between  some  of  these 
nuclei  fibrillated  exoplasm  may  still  be  seen  (fig.  10). 

The  colloid  drops  are  increasing  in  mmiber  and  size  throughout 
the  gland  and  the  rapid  increase  in  nuclei  is  completing  the  break- 
ing down  of  the  intra-parenchymal  network. 
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Fig.  8  Section  of  thyreoid  of  pig  embryo  45  mm.  in  length.  Magnified  500 
diameters.  B,  blood  capillary.  BC,  blood  corpuscles.  C,  drops  of  colloid.  PS, 
parenchymal  syncytium.    EF,  exoplasmic  fibrils. 

Fig.  9  Section  of  thyreoid  of  pig  embryo  60  mm.  in  length.  Magnified  500 
diameters.  B,  blood  capillary.  BC,  blood  corpuscle.  C,  drops  of  colloid.  EF, 
exoplasmic  fibrils.    PS,  parenchymal  syncytium. 

Fig.  10  Section  of  thyreoid  of  pig  embryo  70  mm.  in  length.  Magnified  500 
diameters.    B,  blood  vessel.    BC,  blood  corpuscle.    F,  follicle. 
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Pig  embryo  100  mm.  in  length 

At  this  age  the  secretion  of  colloid  is  abundant  throughout 
the  syncytium.  The  growth  of  connective  tissue  has  been  rapid, 
resulting  in  the  formation  of  many  complete  and  incomplete 
follicles  .  In  some  follicles  the  nuclei  are  not  arranged  in  a  definite 
outer  layer  so  that  they  do  not  encircle  the  colloid,  which  is  sep- 
arated in  these  places  from  the  wall  of  the  follicle  by  protoplasm 
alone. 


m^M 


Fig.  11    Section  of  thyreoid  of  pig  embryo  100  mm.  in  length.     Magnified  372 
diameters.    B,  blood  vessel.    BC,  blood  corpuscle.    M,  follicle  wall.    C,  colloid. 


The  size  of  the  colloid  drops  seems  to  bear  no  definite  relation 
to  the  development  of  the  connective  tissue  wall  of  the  follicle, 
many  of  the  larger  drops  lie  in  masses  of  nuclei  without  follicular 
walls,  while  some  of  the  smaller  drops  are  enclosed  in  a  complete 
follicle. 

Fibrillated  exoplasm  is  now  rarely  seen  between  the  nuclei 
assembled  around  a  drop  of  colloid.  It  is  more  common  among 
the  masses  and  columns  of  cells  not  differentiated  into  follicles, 
but  even  here  it  is  disappearing. 
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Some  blood  vessels  have  developed  walls  of  considerable  thick- 
ness from  which  large  strands  of  connective  tissue  pass  into  the 
parenchjrma  in  such  a  way  as  to  suggest  future  lobulation. 

No  differentiation  is  now  to  be  seen  between  the  central  and 
the  lateral  parts  of  the  gland  in  vascularity,  colloid  formation  or 
connective  tissue  development  (fig.  11). 

Pig  embryo  IOO-I4O  mm.  in  length 

During  the  period  in  which  the  embryo  is  increasing  in  length 
from  100  to  140  mm.  the  rapid  formation  of  follicles  by  the  growth 
of  septa,  and  the  increase  of  colloid  continue,  accompanied  by  a 
corresponding  increase  in  the  syncytium  of  the  gland.  In  embryos 
about  140  mm.  in  length  distinct  cell  outlines  are  first  found  in 
the  parenchyma.  These  appear  in  the  older  follicles  and  are  not 
seen  in  the  undifferentiated  cell-masses  which  are,  however,  not 
nimierous.  Hence  it  is  clear  that  colloid  is  formed  for  a  consider- 
able time  while  the  gland  is  a  syncytium. 

Pig  embryo  170  mm.  in  length 

The  division  of  the  syncytium  into  follicles  is  essentially  com- 
plete. Branching  follicles,  such  as  Streiff  as  described  in  man, 
now  begin  to  appear  and  are  found  in  all  later  stages.  The  trans- 
formation of  the  parenchymal  syncytium  into  cells  has  proceeded 
rapidly.  Digested  sections  show  the  follicle  walls  to  be  formed  of 
reticulated  connective  tissue,  the  fibrils  of  which  may  readily  be 
seen  with  higher  powers. 

In  pieces  of  the  thyreoid  prepared  according  to  Flint's  method, 
stained  with  aniline  blue,  mounted  in  glycerine,  the  framework 
of  the  gland  may  be  seen  to  a  considerable  depth.  These  prepara- 
tions show  septa  of  connective  tissue  passing  from  the  walls  of 
some  blood  vessels  to  become  continuous  with  the  walls  of  other 
vessels  or  with  the  capsule  of  the  gland. 
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Two-day  pig 


The  transfonnation  of  the  syncytium  into  cells  is  completed, 
and  in  section  the  gland  is  seen  to  be  made  of  follicles,  the  defi- 
nite inter-foUicular  framework  carrying  a  rich  supply  of  blood 
vessels,  and  masses  of  cells  that  have  been  called  resting  cells 
lying  here  and  there  between  the  follicles.     The  parenchymal 


Fig.  12  Transection,  1  mm.  thick,  of  thyreoid  of  pig  2  days  old.  Magnified 
31  diameters.  Mounted  in  glycerine,  and  drawn  with  the  aid  of  the  stereoscopic 
microscope.    B,  blood  vessel.    C,  capsule.    S,  septa. 

epithelium  is  of  the  low  cuboid  variety  with  no  differentiation  into 
chief  and  colloid  cells  as  is  described  by  Langendorflf. 

The  follicles  are  losing  their  earlier  globular  shape  and  are 
becoming  more  polyhedral  in  form.  Digested  sections  show  a 
marked  increase  in  the  number  of  connective  tissue  fibrils  in  the 
follicle  wall,  which  results  in  amuch  finer  meshedreticulum.  Block 
digestion  of  transections  of  the  entire  gland  shows  an  almost  kid- 
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Fig.  13  A  digested  free  hand  section  about  1  mm.  thick  of  thyreoid  of  adult 
pig.  Drawn  with  the  stereoscopic  microscope  and  reflected  light.  Magnified 
25  diameters.  B,  blood  vessel.  F,  follicle.  M,  follicle  wall.  S.  connective  tissue 
septum. 

ney  shaped  outline,  the  connective  tissue  entering  at  the  hilum 
with  blood  vessels,  and  apparently  dividing  the  gland  into  irregular 
lobules.  These  septa,  however,  are  not  continuous  throughout 
the  gland  so  that  the  lobulation  is  incomplete.  The  size  and  shape 
of  the  follicles  is  well  shown  (fig,  12). 
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Adult  pig 

The  follicles  have  increased  in  size  and  number  and  the  conse- 
quent crowding  has  further  developed  their  polygonal  form.  Their 
walls  have  increased  in  thickness  and  their  component  fibers  are 
larger  and  stronger.  These  changes  are  readily  seen  with  the  ste- 
reoscopic microscope  in  sections  1  mm.  thick  (fig.  13). 

With  greater  magnification  may  be  seen  the  connective  tissue 
fibrils  and  the  reticular  structure  of  the  walls  as  well  as  the  coarser 


Fig.  14    Part  of  13  highly  magnified. 
M,  follicle  wall.    S,  septum. 


C,  capsule,  cf,  cut  follicle.      F,  follicle. 


network  of  the  septa  and  of  the  capsule.  There  are  also  in  some 
preparations  small  round  and  oval  openings  in  the  follicular  walls 
distinctly  unlike  the  openings  between  the  .meshes  of  the  connec- 
tive tissue  (fig.  14). 

CONCLUSIONS 

The  median  element  of  the  thyreoid  of  the  embryo  pig  in  the 
earlier  stages,  is  a  distinctly  bi-lobed  syncytium  with  neither  an 
inter-nuclear  .mesodermal  framework  nor  a  lumen.    The  meso- 
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dermal  sjmcytium  enters  the  parenchymal  syncytium  in  two  ways : 
it  is  carried  in  by  blood  vessels,  and  passes  directly  in  from  the 
surrounding  mesoderm.  The  vascularization  of  this  element 
takes  place  in  eml^ryos  about  14  mm.  in  length. 

The  lateral  elements  are  also  syncytial  in  character,  but  have 
an  intra-syncytial  framework  of  exoplasm  and  a  central  lumen. 
This  framework  disappears  after  the  union  of  the  lateral  and 
median  elements,  which  takes  place  in  embryos  about  20  mm.  in 
length. 

The  lateral  and  median  elements  can  be  distinguished  by  the 
diiference  in  vascularization  until  the  embryos  are  about  35  mm. 
in  length. 

The  intra-parenchymal  framework  of  exoplasm  is  present 
throughout  the  gland  in  embryos  about  35  mm.  long,  but  as  such 
soon  disappears. 

Colloid  is  first  formed  early  in  embryonic  life,  before  the  forma- 
tion of  follicles  and  while  the  parenchyma  is  still  a  syncytium. 
In  pig  embryos  colloid  is  not  formed  by  cell  degeneration. 

The  follicles,  first  found  in  embryos  70  mm.  in  length,  are  formed 
from  the  parenchyma  by  the  ingrowth  of  connective  tissue  from 
the  walls  of  blood  vessels  and  from  the  capsule  and  by  the 
strengthening  of  portions  of  the  intra-parenchymal  exoplasmic 
framework. 

Epithelial  cells  formed  from  the  parenchymal  syncytium  are 
seen  first  in  embryos  about  140  mm.  in  length.  The  transforma- 
tion of  this  syncytium  into  epithelium  is  completed  before  birth. 
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NOTE  ON  THE  PRESENCE  OF  THE  FIFTH  AORTIC 
ARCH  IN  A  6  MM.  PIG  EMBRYO 

EDWIN  E.  REINKE 
From  the  Laboratory  of  Comparative  Anatomyf  Princeton  University 

THREB  FIOXTRES 

In  a  paper  printed  in  1906,  F.  T.  Lewis,  after  reviewing  the 
observations  recorded  by  previous  authors  and  those  made  by 
himself,  came  to  the  conclusion  that  ''The  interpretation  of  the 
postbranchial  body  in  mammals  as  a  fifth  pouch,  and  of  the  irreg- 
ular vessels  in  front  of  it  as  a  fifth  arch  are  morphological  specu- 
lations of  much  interest,  in  favor  of  which  the  preceding  observa- 
tions afford  no  certain  evidence."  The  same  author  had  also 
made  the  statement  in  a  previous  article  that  ''The  irregular 
small  arteries  around  the  fourth  entoderm  al  pouch  do  not,  as  Zim- 
mermann  believed,  form  a  distinct  aortic  arch."  To  this  view 
W.  A.  Locy  has  taken  exception. 

In  1907,  Locy  summarized  the  observations  upon  the  vascu- 
lar elements  between  the  fourth  and  sixth  arches  as  follows:  "  (a) 
A  complete  arch  as  an  offshoot  of  the  fourth  and  returning  to  it, 
(human,  Zimmermann) ;  (b)  a  complete  arch  connecting  the  fourth 
and  pulmonic  arches,  (pig,  Lehmann,  Locy;  rat,  Tandler);  (c)  a 
complete  arch  from  the  truncus  arteriosus  to  the  pulmonic  arch, 
(human,  two  cases,  Tandler) ;  (e)  irregular  vascular  elements  from 
the  fourth  arch,  the  aortic  root  and  the  pulmonary  arch,  (pig, 
Lehmann,  Lewis;  rabbit,  Lewis,  Lehmann;  rabbit,  in  stages  of 
degeneration  of  the  arch,  Zimmermann) ;  and  (f )  a  single  vessel 
from  the  distal  end  of  the  pulmonic  arch  with  unknown  ventral 
connection,  (sheep,  Tandler)."  Locy  then  adds,  in  opposition  to 
the  position  of  Lewis :  "  In  the  light  of  these  observations  it  would 
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appear  that  the  vascular  elements  between  the  fourth  and  pul- 
monary arch  exhibit  great  variability,  but  there  are  recorded  a 
sufficient  number  of  cases  of  their  aggregation  into  a  complete  ves- 
sel to  justify  the  assumption  that  there  is  a  fifth  aortic  arch  in 
mamjr  als,  as  in  other  vertebrates." 

In  looking  over  the  Princeton  series  no.  126  of  a  6  mm.  pig,  it 
seemed  to  me  that  there  was  present  a  fifth  aortic  arch  on  both 
sides  of  the  embryo.  In  order  to  confirm  this  opinion,  at  the  sug- 
gestion of  Prof.  C.  F.  W.  McClure,  a  wax  reconstruction  was  made, 
and  such  was  clearly  seen  to  be  the  case  on  the  right  side  at  least. 
As  shown  in  fig.  1,^  the  first  arch  has  already  undergone  consider- 
able degeneration,  while  the  second  has  almost  entirely  disap- 
peared. The  third,  fourth  and  pulmonary  arches  are  quite  nor- 
mal; the  fourth  is  the  largest,  and  the  pulmonary  has  begun  to 
give  off  the  pulmonary  artery.  On  the  right  side  of  the  embryo 
there  is  a  fifth  arch  which  arises  independently  and  connects  with 
the  fourth  arch  shortly  before  the  latter  enters  the  dorsal  aorta. 

This  arch  arises  almost  midway  between  the  fourth  and  the 
sixth  arches,  there  being  a  broad  connection  between  its  base  and 
the  fourth  arch.  It  runs  obliquely  for  a  short  distance  from  the 
aortic  root  toward  the  sixth  arch  and  then  turns  at  right  angles 
to  enter  the  fourth  arch;  but  just  before  doing  so  it  is  connected 
dorsally  with  the  sixth  arch.  From  the  turn  on  it  narrows  grad- 
ually up  to  a  point  just  before  its  entrance  into  the  fourth  arch 
where  it  broadens  out  once  more ;  this  fact  together  with  its  beaded 
appearance  would  indicate  the  beginning  of  degeneration. 

In  the  light  of  the  work  of  Evans  upon  the  development  of  the 
aortae  a  very  interesting  interpretation  can  be  placed  upon  the 
structure  of  the  fifth  arch  as  shown  here.  Considering  the  con- 
nections between  the  fifth  arch  and  the  fourth  and  the  sixth  arches 
as  enclosing  foramina  and  taking  into  account  a  third  foramen 
that  lies  in  the  arch  itself,  we  have  at  the  dorsal  end  of  the  arch 
the  remains  of  a  capillary  plexus  whose  vessels  are  of  a  relatively 
large  caliber;  all  traces  of  it  at  the  ventral  end  have  been  lost.    It 

^  My  thanks  are  due  to  Mr.  O.  F.  Kampmeier  who  kindly  made  the  drawing 
from  the  reconstruction,  and  to  Mr.  C.  F.  Sylvester  for  helping  me  with  the  micro- 
photographs. 
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DORSAL  AORTA 


VENTRAL  AORTA 


Fig.  1    Reconstruction  of  the  pharynx  and  aortic  arches  of  a  6  mm.  pig  embryo. 
Princeton  Embryological  Collection  No.  126.    Right  side.  > 


Digitized  by 


Google 


466  EDWIN   E.    REINKE 

is  from  this  plexus  that  the  arch  arose.  At  its  dorsal  end  the  for- 
mation of  a  single  vessel  from  the  plexus  is  not  completed,  although 
the  main  channel  is  clearly  marked  out.  At  the  ventral  end,  on 
the  other  hand,  not  only  has  the  single  main  vessel  been  estab- 
lished, but  degeneration  has  already  set  in,  this  being  due  to  the 
fact  that  most  of  the  blood  passes  through  the  fourth  arch.    This 


AO.  ARCH  V 


GROOVE  I 


I«^G.  2  A  6  mm.  pig,  Princeton  Embryological  collection,  series  126,  section  no. 
98.  This  section,  through  the  region  of  the  pharynx,  sho^s  the  fourth  pharyngeal 
pouch  and  the  five  ectodermal  grooves  on  the  right  side.  The  fifth  arch  is  seen  in 
cross  section  just  below  the  right  dorsal  aorta. 


disuse  of  the  fifth  arch  would  naturally  cause  the  degeneration  of 
the  ventral  half  of  the  vessel  very  soon  after  its  forir  ation,  in  fact 
probably  before  the  dorsal  half  has  been  fully  crystallized  out. 
Moreover,  there  is  no  reason  to  believe  that  this  process  of  crystal- 
lization would  continue  at  the  dorsal  end  after  degeneration  had 
once  commenced  below. 

To  my  mind  this  affords  a  very  clear  explanation  of  why  so 
many  instances  have  been  observed  of  irregular  vascular  elements 
lying  between  the  fourth  and  the  pulmonary  arch  and  for  the  most 
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part  connected  with  the  aortic  root.  The  embryos  were  probably 
killed  after  the  ventral  portion  of  the  arch  had  degenerated,  or 
perhaps,  as  was  most  probably  the  case,  the  plexus  had  disap- 
peared at  that  point  without  having  formed  a  single  main  chan- 
nel. But  it  is  to  be  noted  that  very  probably  the  broad  portion 
of  the  fifth  arch  at  the  point  where  it  joins  the  fourth  arch  is  to  a 


Fig.  3  A  6  mm.  pig,  Princeton  Embryological  collection  series  No.  126,  section 
102.  This  section  shows  the  five  ectodermal  grooves  more  clearly  than  they  are 
shown  in  fig.  2.  The  fifth  pouch  on  the  right  side  s  seen  to  correspond  to  the  fifth 
groove.  The  fifth  arch  is  also  shown  here  in  cross  section  but  further  away  from 
the  right  dorsal  aorta  than  shown  in  fig.  2. 


certain  extent  comparable  to  the  spurs  described  by  Coulter  in 
the  cat  embryo.  Its  persistence  would  seem  to  indicate  that 
whether  or  no  a  main  channel  is  formed  from  the  plexus  there  is  a 
stimulus  for  the  blood  to  flow  in  that  direction.^  On  the  left  side 
of  this  embryo  the  appearance  of  the  vascular  elements  reserr.bles 
in  general  some  of  the  cases  described  by  Miss  Lehmann,  there 

*  In  this  particular  case  there  can  be  no  doubt  that  the  channel  formed  was  used 
as  an  actual  blood  passage,  as  blood  corpuscles  were  found  to  be  present  in  it. 
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bemg  a  narrower  and  shorter  vessel  running  from  the  aortic  root 
to  the  fourth  arch,  together  with  other  small  and  irregular  vas- 
cular remnants.  Here,  where  in  all  probability  a  main  channel 
was  never  formed,  there  is  a  spur  on  the  fourth  arch  similar  and 
corresponding  to  the  broadened  ventral  end  of  the  fifth  arch  on 
the  right  side. 

In  further  support  of  the  statement  that  we  are  dealing  here 
with  a  complete  fifth  arch  is  the  fact  that  there  are  five  pharyn- 
geal pouches  present,  between  the  fourth  and  fifth  of  which  lies 
the  arch.  In  the  paper  mentioned  above,  Mis3  Lehmann  also  de- 
scribed five  pouches,  but  Lewis  is  inclined  to  doubt  that  the  post- 
brancheal  body  (fifth  pouch)  arose  as  a  true  pharyngeal  pouch. 
It  is  true,  as  he  points  out,  that  the  fifth  pouch  never  comes  into 
contact  with  the  ectoderm,  but  here  there  is  very  strong  evidence 
that  it  is  a  true  pouch.  On  the  right  side  of  the  embryo  from  which 
the  reconstruction  was  drawn  there  are  five  distinct  ectodermal 
grooves  present,  one  corresponding  to  each  pharyngeal  pouch.  It 
is  to  be  noted  that  the  five  grooves  are  found  on  the  same  side  as 
the  complete  fifth  arch,  while  on  the  left  side,  where  there  is  a 
smaller  and  less  complete  arch,  only  four  ectodermal  grooves  are 
to  be  seen.  This  is  shown  in  figs.  2  and  3,  which  are  photographs 
of  two  transverse  sections,  15  micra  thick,  through  the  region  of 
the  pharynx.  Fig.  2  shows  the  fourth  pouch  on  the  right  side  in 
contact  with  the  ectoderm  as  well  as  the  five  ectodermal  grooves. 
Fig.  3  gives  a  clearer  view  of  the  five  grooves  and  also  shows  the 
fifth  pouch  almost  in  its  entirety.  Other  6  mm.  pig  series  of  the 
Princeton  collection  were  examined,  but  none  of  them  showed 
either  five  ectodermal  grooves  or  a  complete  fifth  arch  on  either 
side.  This  one  clear  case,  however,  of  the  presence  of  a  fifth  ecto- 
dern  al  groove,  together  with  the  well  known  fact  that  the  fourth 
pouch  and  the  postbranchial  body  arise  from  the  pharynx  inde- 
pendently of  each  other,  indicates  that  the  latter  was  originally 
a  true  pharyngeal  pouch,  i.e.,  the  fifth. 

It  is  clear  that  here  we  have  a  series  of  sections  of  a  6  mm.  pig 
which  is  particularly  advantageous.  On  the  right  side  of  the  em- 
bryo not  only  is  there  a  more  complete  fifth  arch  than  has  hitherto 
been  described  for  the  pig,  but  there  are  also  five  pharyngeal 
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pouches  and  five  ectodermal  grooves  corresponding  to  them.  The 
left  side,  on  the  other  hand,  shows  an  arrangement  of  the  vascular 
elements  and  the  pharyngeal  pouches  which  resembles  in  general 
those  described  by  previous  writers.  In  view  of  this  evidence  the 
existence  of  a  complete  fifth  arch  in  the  pig  can  hardly  be  called 
into  question  any  longer  and,  in  the  opinion  of  the  writer,  those 
vascular  elements  so  frequently  found  between  the  fourth  and  the 
sixth  arches  must  be  interpreted  as  the  remnants  either  of  a  fully 
developed  or  a  potential  fifth  arch. 
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THE  WISTAR  INSTITUTE,  DEPARTMENT  OF 
EMBRYOLOGY 

At  a  conference  of  ten  anatomists  held  at  The  Wistar  Institute, 
on  April  11,  1905,  it  was  recommended  that  the  principal  object 
of  the  Institute  be  research,  and  that  the  work  shall  be  in  the 
fields  of  neurology  and  embryology.  This  action  was  approved 
by  the  Board  of  Managers  a  week  later  and  was  incorporated  in 
a  letter  by  General  Wistar  to  these  scientists,  inviting  them  to 
become  members  of  a  permanent  Advisory  Board  of  Anatomists 
of  The  Wistar  Institute  (see  Bulletin  No.  1  of  The  WLstar  Insti- 
tute of  Anatomy  and  Biology,  September,  1905). 

The  Advisory  Board  considered  it  best  to  proceed  with  the 
organization  of  the  department  of  neurology  first,  and  accordingly 
Professor  Donaldson  of  Chicago  was  elected  head  of  this  depart- 
ment. With  him  were  associated  Dr.  Streeter  and  Dr.  Senior, 
both  of  whom  were  subsequently  called  to  chairs  of  anatomy  in 
important  universities.  The  work  of  the  department  of  neurology 
is  now  well  established,  as  outlined  in  Bulletin  No.  1,  and  by 
Dr.  Greenman  in  the  Anatomical  Record  of  June,  1907. 

In  the  meantime,  funds  have  accumulated  which  enable  the 
Institute  to  support  properly  a  department  of  embryology,  and 
at  the  meeting  of  the  Advisory  Board  held  on  April  25,  1910, 
Professor  Huber  of  the  University  of  Michigan  was  nominated 
for  this  office.  Prof.  Huber  has  been  secretary  of  the  medical  fac- 
ulty of  the  University  of  Michigan  since  1897  and  director  of 
the  laboratory  of  histology  and  embryology  since  1898.  In  1901 
he  was  elected  secretary  of  the  American  Association  of  Anato- 
mists, and  he  has  been  an  editor  of  the  American  Journal  of 
Anatomy  and  of  the  Anatomical  Record  since  their  foundation. 

Dr.  Huber  will  reside  at  the  Institute  from  March  to  September 
in  1911  and  1912,  after  which  it  is  hoped  that  he  may  devote 
his  entire  energies  to  the  work  of  the  Institute.    It  may  be  recalled 
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that  the  appointment  of  Dr.  Donaldson  was  made  under  like 
conditions. 

It  is  not  possible  at  this  time  to  make  any  definite  statement 
regarding  the  work  of  the  new  department  of  embryology,  but 
it  is  the  purpose  to  make  it  largely  a  place  for  the  study  of  human 
embryology  and  its  relation  to  anatomy  in  general.  It  will  be 
necessary  to  make  collections  of  human  and  other  mammalian 
embryos,  especially  early  stages,  for  study  at  the  Institute  as 
well  as  for  investigators  elsewhere. 

Cooperative  investigations  and  conferences  of  specialists  similar 
to  those  of  the  Brain  Commission  are  even  more  needed  in  the 
study  of  human  development  than  in  neurology  on  account  of 
the  nature  of  the  subject.  It  is  hoped  that  the  Institute  will 
become  a  central  station  through  which  information  may  be 
obtained  concerning  collections  of  human  embryos  and  to  assist 
individual  investigators  to  secure,  by  exchange  or  through  loans, 
the  necessary  specimens.  However,  the  chief  work  of  the  new 
department  will  be  at  the  Institute,  but  it  will  assist  others  and 
cooperate  with  them  in  every  possible  way. 
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A  SIMPLE  DISSECTING  TABLE 

H.  R.  WAHL 

The  dissecting  table  illustrated  above  was  designed  for  use  in  the 
Anatomical  Laboratory  at  the  University  of  Wisconsin.  It  consists 
of  a  frame-work  made  of  ordinary  one-inch  iron  piping  and  of  a  movable 
galvanized  iron  top.  The  legs  of  the  table  are  braced  by  iron  piping 
placed  six  to  eight  inches  from  the  floor.  These  braces  not  only 
strengthen  the  table  but  also  provide  a  convenient  foot-rest  for  the  stu- 
dent while  dissecting.  The  great  advantage  of  arranging  the  piping  as 
illustratedlies  in  the  fact  that  no  obstacles  are  offered  to  the  knees  of  the 
student  while  sitting  on  the  stool  during  dissection.  The  galvanized  iron 
top  is  six  and  one-half  feet  long,  two  feet  wide,  and  when  placed  on  the 
frame  is  three  feet  above  the  floor.  It  is  grooved  in  such  a  way  that  the 
sides  slope  gently  towards  an  opening  in  the  center.  Below  the  opening 
in  the  center  a  rack  is  suspended  for  holding  the  drainage  jar.  The 
table  is  inexpensive  and  can  readily  be  built  by  any  plumber  or  steam- 
fitter. 
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A  CRITICISM  OF  OUR  MODERN  TEXT-BOOK  OF 

ANATOMY 

ROBERT   RETZER 

The  University  of  Minnesota,  Minneapolis 

It  may  be  claimed  that  the  criticism  the  writer  is  about  to  make  applies 
more  to  the  previous  training  of  the  medical  student  in  high  schools  and 
college  than  it  does  to  the  text-book  of  anatomy,  but  even  admitting 
that  it  does,  there  is  no  reason  why  the  authors  of  text-books  should 
not  consider  the  conditions  as  they  are.  It  seems  to  make  but  little 
difference  whether  the  student  is  a  college  graduate  or  whether  he  has 
had  but  two  years  of  college  training,  the  fact  remains  that  he  does  not 
know  the  meaning  of  most  of  the  names  in  the  anatomical  terminology. 
It  is  no  exaggeration  to  say  that  even  such  simple  words  as  tuber,  sar- 
torius,  buccinator  and  even  caput,  do  not  convey  anything  to  the  student. 
Latin  and  Greek  are  taught  as  methods  in  the  high  school  and  college 
and  little  stress  is  laid  upon  the  importance  of  the  vocabulary  that  the 
student  of  these  subjects  should  naturally  acquire.  It  is  evident  that 
he  forgets  the  vocabulary  in  order  to  leave  his  mind  more  receptive  for 
such  subjects  as  mathematics,  chemistry  and  biology.  It  is  deplorable 
that  most  students  who  intend  to  study  medicine  do  not  learn  enough 
Greek  to  be  able  to  at  least  read  the  Greek  characters.  However,  it  is 
not  within  the  scope  of  these  remarks  to  suggest  reforms  in  the  early 
training  of  our  students;  it  is  the  writer's  intention  to  merely  call  atten- 
tion to  the  status  quo,  and  point  out  where  our  present  text-books  fail 
to  attempt  to- remedy  the  evil  caused  by  the  early  training  of  the  medical 
student. 

Four  hundred  years  ago.  Jacobus  Sylvius,  following  the  example  set 
by  Galen,  gave  names  to  most  of  the  muscles  of  the  human  body.  In 
doing  so  he  considered  their  origin  (brachialis),  their  structure,  (biceps, 
membranosus),  their  shape  (serratus),  and  their  size  (magnus,  brevis). 
Previous  to  his  time  numerals  were  applied.  It  goes  without  saying 
that  it  made  the  memorizing  of  anatomical  terminology  considerably 
easier.  That  Sylvius  should  have  used  Latin  and  Greek  words  is  evident. 
Latin  was  the  language  of  the  learned,  and  all  scientific  treatises  were 
written  in  Latin.  From  Hippocrates  he  took  the  Greek  words.  In  those 
days  every  student  understood  the  meaning  of  the  terms  and  it  is  unlikely 
that  any  should  have  made  the  mistake  of  calling  the  serratus  anterior 
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muscle  the  latissimus  dorsi,  as  some  of  our  students  do  to-day.  Yet 
most  students  would  resent  the  inference  that  they  do  not  know  the  mean- 
ing of  the  term  latissimus. 

What  is  the  condition  of  affairs  to-day?  It  has  been  the  writer's  habit 
frequently  to  ask  the  student  the  meaning  of  the  terms  thyreoid,  ilium, 
azygos,  etc.,  and  of  prefixes,  mesa,  meta,  supra,  semi,  etc.  The  ignorance 
displayed  by  the  student  was  sometimes  amazing  and  one  wonders  how 
it  was  possible  for  him  to  graduate  from  high  school,  let  alone  college. 
Ask  a  student  of  average  ability  to  demonstrate  the  extensors  of  the 
wrist  and  fingers.  He  wiU  probably  do  so  in  the  following  order :  extensor 
carpi  radialis  longus,  ext.  carp.  rad.  brevis,  extensor  digitorum  com- 
mimis,  ext.  digiti  quinti  proprius,  ext.  capri  ulnaris.  Make  him  b^in 
his  demonstration  on  the  ulnar  side  and  see  the  result.  It  has  the  same 
effect  as  asking  a  person  to  say  the  alphabet  backwards.  This  means 
nothing  else  but  that  the  student  has  memorized  the  muscles  in  a  certain 
order,  and  he  would  be  far  better  pleased  if,  instead  of  having  long  Latin 
names  attached,  the  muscles  were  known  as  muscles  I,  II,  III,  etc. 
Now  in  the  cases  cited  there  is  no  name  which  ought  to  leave  any  doubt 
in  the  student's  mind  as  regards  its  meaning,  and  a  demonstration  ought 
to  be  very  simple  provided  the  muscles  have  been  dissected  out  from  their 
origins  to  their  insertions.  The  student,  however,  has  so  accustomed 
himself  to  take  most  of  the  names  found  in  the  anatomic^  terminology 
as  so  many  meaningless  words,  that  he  even  ignores  the  meaning  of 
those  which  have  been  anglicized  and  are  us^  by  the  layman.  Thus 
the  term  fascia  is  defined  by  the  student,  and  imfortunately  by  a  nimiber 
of  anatomists,  as  a  layer  of  areolar  connective  tissue.  The  derivation 
from  the  Latin  fascia  meaning  band  or  bandage  is  entirely  lost  sight  of, 
although  it  gives  us  the  true  meaning  of  the  term.  Pertioneimi  is  another 
instance.  Let  the  student  know  the  derivation,  which  means  to  stretch 
aroimd,  and  he  will  not  get  absurd  notions  of  its  being  thrown  into  folds 
without  the  intervention  of  some  organ  or  other  structure.  Let  the  stu- 
dent adhere  to  the  idea  of  "stretching"  and  many  wrong  impressions 
will  be  dispelled.  The  derivation  of  the  term  oesophagus  explains  its 
function,  of  parotid  its  position,  of  thyreoid  its  shape,  etc. 

The  result  of  this  ignorance  about  the  derivation  of  words  is  far- 
reaching.  In  the  clinics  the  same  student  may  characterize  a  condition 
whose  name  ends  in  '^itis"  as  a  swelling,  and  the  meaning  of  such  im- 
portant prefixes  as  haemo,  rhino,  ileo  are  absolutely  lost  to  him.  He 
must  learn  the  name  of  every  disease  just  as  he  would  the  name  of  so 
many  persons.  It  never  occurs  to  him  that  about  90  per  cent  of  all  the 
names  are  descriptive  of  the  disease.  Even  if  most  of  the  blame  of  this 
condition  is  to  be  laid  on  the  high  school  and  college,  there  is  no  valid 
reason  why  we  anatomists  should  not  begin  with  a  training  that  is  of 
such  vital  importance.  We  have  other  duties  in  the  dissecting  room 
besides  the  teaching  of  anatomy,  such  as  training  the  student's  power  of 
observation,  his  self-control,  his  tactile  sense,  and  trying  to  inculcate  a 
critical  or  scientific  attitude.  In  a  word,  we  strive  to  make  the  student 
fit  to  enter  upon  the  study  of  medicine.    It  seems  but  a  small  additional 
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duty  to  make  the  student  realize  the  importance  of  word-derivation. 
To  make  this  the  subject  of  a  lecture-course  is  not  feasible  with  the 
present  crowded  schedule  in  our  medical  schools.  It  is  sufficient  for  the 
instructor  to  repeatedly  call  attention  to  derivations,  provided  the  stu- 
dent can  find  a  reliable  source  of  information.  What  would  be  simpler 
than  to  have  this  information  incorporated  into  our  text-books.  It  was 
done  in  some  of  our  older  text-books.  The  ommission  is  probably  due  to 
the  publisher  who  is  instilled  with  fear  at  the  very  sight  of  a  Greek 
letter. 

The  conditions  in  Germany  are  far  different.  It  is  attributable  partly 
to  the  better  elementary  training  in  the  classic  languages  and  partly  to 
the  custom  prevailing  among  the  authors  on  anatomical  subjects  to 
use  German  instead  of  Latin  names.  There  is  no  reason  why  we  should 
not  follow  the  example  of  our  German  confreres  in  at  least  the  latter 
respect.  Why  not  speak  of  the  tailor  muscle,  the  straight  abdominal 
muscle,  the  two-headed  muscle,  the  calf-muscle,  the  medial  skin  nerve 
of  the  fore-arm?  It  is  evident  that  it  cannot  be  carried  through  as  con- 
sistently as  is  possible  in  German,  because  we  have  but  comparatively 
few  Anglo  Saxon  roots  to  build  upon.  Yet  the  interspersing  of  a  few  of 
such  terms  will  take  away  a  great  deal  of  the  oppressing  formality  of  the 
present  text-book  and  make  it  far  more  pleasant  reading  matter  for  the 
students.  If  any  one  should  doubt  that  Anatomy  can  be  made  the  sub- 
ject of  most  delightful  literature  he  ought  to  read  the  text-book  of  Hyrtl. 

The  diadactic  importance  of  these  suggestions  cannot  be  over  estimated. 
The  student  will  lose  that  antagonistic  attitude  toward  the  subject  of 
anatomy  because  this  attitude  is  only  bred  in  ignorance.  To  the  average 
American  student  of  Anatomy  at  first,  especisdly  if  he  begins  with  a 
lecture  course  in  osteology,  means  merely  the  memorizing  of  numerous 
names.  The  instructor  speaks  an  imfamiliar  language,.  With  the  aid  of 
our  next  text  book  let  the  student's  attention  be  called  to  common  pre- 
fixes and  suffizes,  and  the  derivation  of  terms.  His  horizon  will  be 
widened  immediately,  he  will  use  the  terms  with  greater  assurance  and 
familiarity  and  incidentally  learn  something  of  the  history  of  anatomy. 
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over  the  dissecting  room. 


Histology  is  taught  in  the  dome 
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Die  Neue  Anatomische  Anstalt  in  Munchen.  Von  Dr.  J. 
Ruckert.  109  Seiten  und  18  Tafeln.  Wiesbaden:  J.  F. 
Bergmann.     1910. 

Professor  Riickert's  account  of  the  new  anatomical  laboratory  in 
Munich  is  of  interest  to  Americans  because  it  will  be  of  great  value  to 
those  who  have  similar  buildings  to  plan.  We  are  now  in  the  midst  of 
a  development  of  medical  schools  which  calls  for  the  construction  of 
first-class  laboratories  by  our  leading  universities.  Those  who  have 
this  task  before  them  will  welcome  good  literature  upon  laboratory  con- 
struction. 

The  first  anatomical  laboratory  built  at  Munich  was  planned  by 
DoUinger  in  1824.  (It  may  be  stated  that  the  anatomical  laboratory 
at  Johns  Hopkins  University  is  in  many  respects  a  reproduction  of 
DoUinger 's  laboratory.)  Soon  this  laboratory  proved  to  be  inadequate, 
and  in  1855  it  was  rebuilt  by  Bischoff  who  made  it  about  as  large  as 
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the  present  beautiful  laboratory  of  the  Harvard  Medical  School.  Now 
there  is  a  third  stage  in  the  development  of  medical  education  in  Munich 
which  has  called  for  this  "palace/*  as  the  proper  home  for  anatomy  in 


a  large  and  great  university.  This  new  anatomical  institute  is  an 
irregularnahaped  building,  four  stories  high,  and  covers  an  area  of  about 
200  by  300  feet.    Like  the  Harvard  laboratory,  which  is  by  all  odds 
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our  best  example,  it  is  a  magnificent  structure  perfect  in  every  respect 
for  the  work  which  is  to  be  done  within  its  walls.  However,  there  are 
marked  differences  in  the  methods  and  teaching  in  these  two  labora- 
tories, which  makes  Riickert's  report  especially  valuable  for  the  solu- 
tion of  problems  of  anatomical  teaching  soon  to  be  encountered  by  our 
larger  medical  schools. 

During  the  past  academic  year  about  2000  students  received  instruc- 
tion in  anatomy  in  the  Munich  laboratory.  The  main  courses  given 
were  as  follows:  Practical  anatomy,  900  students;  lectures  on  gross 
anatomy,  600;  lectures  on  art  anatomy,  600;  lectures  on  histology  and 
embryology,  500;  exercises  in  histology,  300;  and  histological  technique, 
200.  There  were  also  nmnerous  smaller  and  informiJ  courses  given. 
Since  they  believe  in  Munich  that  the  larger  a  medical  school  is  the  better 
it  should  be,  they  have  constructed  a  building  in  which  both  large-class 
instructions  and  individual  instruction  are  given.  One  is  impressed 
with  what  perfection  they  have  met  the  difficulty  of  managing  large 
groups,  the  equipment,  machinery  and  service  at  the  professors'  disposal 
being  the  best  in  every  respect.  The  building  is  immaculate,  hygienic 
and  aesthetic,  with  an  ample  budget  for  maintenance  and  for  scientific 
work.^  Those  who  have  visited  the  laboratory  are  greatly  impressed 
and  leave  with  a  feeling  that  Professors  Riickert  and  Mollier  have  solved 
their  problem  in  a  most  satisfactory  way. 

The  report  is  detailed  and  is  not  only  a  good  morphological  but  also  a 
physiological  description  of  the  building.  It  is  also  educational.  For 
these  reasons  it  will  be  of  use  to  all  teachers  of  anatomy.  All  sub- 
departments  of  anatomy  are  well  represented.  The  equipment  for  the 
preparation  of  all  kinds  of  anatomical  specimens,  sections  of  embryos, 
museum  specimens^  skeletons,  drawings,  photographs,  X-rays,  experi- 

^  The  following  figures  were  obtained  from  Professor  Mollier: 

The  building  cost  nearly $500,000 

During  the  year  1909-10  the  budget  was.  not  including  salaries 27,000 


General  service,  business  manager,  porter,  technician,  mechanic,  stoker, 

etc $2,200 

Heat,  light,  etc 7,600 

Library 300 

Assistants — 

Gross  Anatomy  (8) 4,700 

Histology  (5) 2,300 

For   materials,    instruments,    chemicals,    artists,    modelers,    printing, 
photography,  laundry,  scientific  apparatus,  etc. 

Gross  Anatomy 7,200 

Histology 2,700 

Total $27,000 
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mental  anatomy,  etc.,  is  at  hand.  There  is  an  excellent  collection  for 
teaching  and  a  beautiful  display  of  specimens  and  models  for  the  general 
public.  As  is  well  known,  art  anatomy  is  well  cultivated  and  many 
students  of  art  receive  instructions  here.  In  general  one  wing  is  devoted 
to  the  beautiful  entrance  and  the  reception  of  the  students,  the  other 
wing  to  the  staff  and  research,  and  the  center  of  the  building  to  the 
teaching  of  large  classes  (see  figs.  1  and  2).  In  the  sub-basement  there 
are  all  sorts  of  cellars,  coal  bins,  boilers,  apparatus  for  ventilation. 
Above,  in  the  basement  there  is  the  public  museimi,  cold-storage  rooms 
for  cadavers  and  for  the  teaching  collection,  machine  shops,  and  six 
residences  for  servants.  The  first  main  floor  includes  in  the  center  the 
main  lecture  room  and  the  large  dissecting  room  built  in  the  shape  of 
a  clover  leaf.  In  one  wing  there  are  cloak  rooms,  dressing  rooms  for  both 
men  and  women,  etc.,  and  in  the  other,  rooms  for  the  staff  in  gross 
anatomy.  The  dissecting  room  and  the  lecture  hall  extend  upward 
through  the  second  main  floor,  which  contains  also  many  rooms  for  the 
staff  in  histology  and  embryology.  The  large  teaching  room  for  his- 
tology is  in  the  dome  of  the  building  over  the  dissecting  room  on  the 
third  main  floor.  Here  there  are  also  a  very  large  demonstration  room 
for  histology,  dark  rooms,  photographic  roomJs,  X-ray  rooms,  etc.  Every- 
thing is  centralized  as  the  main  method  of  teaching  is  by  means  of  lec- 
tures and  demonstrations. 

The  bulk  of  students  are  passive;  they  listen  to  lectures  and  they 
witness  demonstrations.  Only  the  better  students  and  members  of  the 
staff  are  active,  study  nature  and  are  self-instructed,  as  Dollinger  and 
von  Baer  would  have  it,  and  as  is  only  possible  for  all  students  in  a 
small  laboratory.  Both  active  and  passive  methods  of  teaching  anatomy 
are  used  upon  the  same  students  only  in  exceptional  cases.  All  in  all, 
they  have  met  the  diflScult  problem  of  teaching  large  groups  of  students 
exceptionally  well  in  Munich  and  one  cannot  study  this  report  nor  visit 
the  institute  without  being  greatly  impressed  with  their  methods. 

Again  using  Harvard  as  our  best  example  of  an  anatomical  department 
with  which  to  compare  that  in  Munich,  we  find  in  each  two  eminent 
men  as  professors,  and  the  entire  teaching  staff  nimibers  about  the  same 
in  each.  However,  we  find  at  Miinich  from  ten  to  twenty  times  as  many 
students  to  be  taught  anatomy  as  at  Harvard.  The  total  cost  of  teach- 
ing this  subject  at  MUnich  is  by  no  means  ten  times  as  great  as  at  Harvard 
but  the  equipment  for  teaching  is  much  greater  and  the  professors 
receive  more  than  twice  the  salary  that  is  paid  at  Harvard.  It  is  clear 
that  in  Munich  the  teaching  is  fidly  centralized  in  the  hands  of  the  pro- 
fessors who  teach  very  large  classes,  while  at  Harvard  it  is  in  sections, 
and  is  largely  individual  and  inductive.  In  Munich  all  of  the  elemen- 
tary instruction  is  given  by  the  professors,  which  is  not  the  case  in 
America  generally.  The  Miinich  method  of  instruction  is  more  eco- 
nomical than  ours,  for  there  the  salary  of  professors  is  large  enough  to 
induce  eminent  men  to  do  practically  all  of  the  work.  Therefore,  the 
laboratory  is  built  to  aid  the  professor  in  his  teaching,  much  more  than 
other  members  of  the  staff. 
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Students  who  cannot  help  themselves  in  Munich  are  not  stuflfed  through 
a  Nuremberg  funnel;  recitations  and  quizzes  are  unknown.  The  teach- 
ing is  adjusted  to  the  average  student,  but  it  is  scientific  and  those  who 
cannot  comprehend  it  are  not  whipped  into  line.  Just  at  this  point 
they  save  enormously  in  energy  and  do  not  commit  the  sin  of  trying  to 
make  physicians  out  of  the  unworthy.  Students  who  desire  more 
instruction  than  is  ^ven  in  the  regular  courses,  that  is,  those  of  ability 
and  originality,  are  given  every  encouragement  (p.  48) .  Those  who  can- 
not comprehend  are  constantly  eliminating  themselves,  for  they  drop 
out,  while  the  great  men  of  medicine  are  developed  from  the  group  of 
talented  students,  through  encouragement.  It  follows  that  students 
are  not  forever  being  pulled  up  by  the  roots  to  see  whether  they  are  grow- 
ing, but  a  process  of  naturd  selection  is  at  work.  Mutations,  when 
recognized,  are,  however,  always  preserved. 

\^at  has  been  said  above  concerns  the  professors  and  the  students 
whose  work  is  located  mainly  in  the  center  of  the  building  at  Munich. 
But  one  wing,  which  is  a  large  laboratory  in  itself,  is  reserved  for  the 
staff  and  for  research.  Here  we  find  the  very  soul  of  a  laboratory,  for 
it  is  here  that  the  assistants  and  advanced  students  do  their  work. 
The  greater  part  of  the  teaching  is  done  at  Miinich  by  the  professors, 
which  in  a  way  protects  the  assistants  whose  responsibility  is  mainly 
to  themselves  and  to  science.  They  are  not  worked  to  death  with 
routine  teaching  but  are  permitted  to  become  scientific  anatomists,  and 
not  drudges.  IJnder  these  conditions  the  finest  spirit  often  permeates 
the  entire  staff,  and  for  this  the  professor  is  largely  responsible.  After  a 
professor  has  become  well  established,  his  desire  for  scientific  work  may 
wane.  Those  who  have  in  them  some  spirit  of  altruism  may  continue 
to  contribute  to  science,  but  the  world,  which  is  not  inclined  to  believe 
in  ideal  motives,  confounds  this  with  self-seeking  ambition.  To  the 
extent  one's  work  is  reflected  in  one's  pupils  and  not  in  one's  own  publi- 
cations, to  that  extent  the  motive  certainly  is  altruistic.  To  carry  out 
this  ideal  the  large  research  wing  of  the  institute  exists  and  it  is  to  be 
hoped  that  the  altruistic  spirit  of  DoUinger  will  continue  to  live  in  this 
anatomical  palace  for  generations  to  come. 

Franklin  P.  Mall. 
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